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MODIFIED POLYSACCHARIDES HAVING IMPROVED ABSORBENT PROPERTIES AND 
PROCESS FOR THE PREPARATION THEREOF 

Background of the Invention 

5 

Field of the Invention 

The present invention relates to modified polysaccharides having 
improved absorbent properties. Specifically, the present invention 
relates to modified polysaccharides having an improved ability to 
10 absorb liquid while under an external pressure and after aging and a 
process for the preparation thereof. 

Description of jhq plated Art 

The use of water-swell able, generally water- insoluble, absorbent 

15 materials, commonly known as superabsorbents, in disposable absorbent 
personal care products is known. Such absorbent materials are 
generally employed in absorbent products such as diapers, training 
pants, adult incontinence products, and feminine care products in 
order to Increase the absorbent capacity of such products while 

20 reducing their overall bulk. Such absorbent materials are generally 
present in absorbent products in a fibrous matrix, such as a matrix 
of wood pulp fluff. A matrix of wood pulp fluff generally has an 
absorbent capacity of about 6 grams of liquid per gram of fluff. The 
absorbent materials described above generally have an absorbent 

25 capacity of at least about 10, preferably of about 20, and often of 
up to 100 times their weight 1n water. Clearly, incorporation of 
such absorbent materials in personal care products can reduce the 
overall bulk while increasing the absorbent capacity of such 
products. 
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A wide variety of materials have been described for use as 
absorbent materials in such personal care products. Such materials 
include natural-based materials such as agar, pectin, gums, 
carboxyalkyl starch, and carboxyalkyl cellulose, as well as synthetic 
5 materials such as polyacrylates, polyacryl amides, and hydrolyzed 
polyacrylonitrile. While the natural -based, absorbent materials are 
known for use in personal care products, they have not gained wide 
usage in such products. The natural -based, absorbent materials have 
not gained wide usage in personal care products, at least in part, 

10 because their absorbent properties are generally inferior compared to 
the synthetic absorbent materials, such as the polyacrylates. 
Specifically, many of the natural -based materials tend to form soft, 
gelatinous masses when swollen with a liquid. When employed in 
absorbent products, the presence of such soft gelatinous masses tends 

15 to prevent the transport of liquid within the fibrous matrix in which 
the absorbent materials are incorporated. This phenomenon is known 
as gel -blocking. Once gel -blocking occurs, subsequent insults of 
liquid cannot be efficiently absorbed by the product, and the product 
tends to leak. Further, many of the natural -based materials exhibit 

20 poor absorption properties, particularly when subjected to external 
pressures. 

In contrast, the synthetic, absorbent materials are often 
capable of absorbing large quantities of liquid while maintaining a 
generally stiff, non-mucilaginous character. Accordingly, the 

25 synthetic, absorbent materials can be incorporated in absorbent 
products while minimizing the likelihood of gel -blocking. 

Carboxyalkyl cellulose materials and other modified 
polysaccharides are known in the art. As a general rule, 
carboxyalkyl cellulose materials are formed from a cellulosic 

30 material which has been treated with carboxyalkyl at ing react ants, 
such as a chloroalkanoic acid, preferably monochloroacetic acid, and 
an alkali, such as sodium hydroxide, optionally, in the presence of 
an alcohol. Such a process is described, for example, in U.S. 
Patent 3,723,413, issued March 27, 1973, to Chatterjee et al. Such 

35 carboxyalkyl celluloses are generally water soluble. Various methods 
of rendering such water-soluble carboxyalkyl celluloses water 
insoluble are known. 
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U.S. Patent 2,639,239 issued May 19, 1953, to Elliott describes 
a process In which a commercially available water-soluble, 
alkali -metal salt of carboxyoiethyl cellulose, having a degree of 
substitution of from about 0.5 .to about 1, 1s subjected to a thermal 
treatment for up to 10 hours which renders such water-soluble 
carboxymethyl cellulose capable of forming highly-swollen gel 
particles. 

Similarly, U.S. Patent 3,723,413, discussed above, describes the 
heat -treatment of a carboxyalkyl cellulose 1n the presence of 
remaining carboxyalkyl ating reactants and by-products, such that, the 
carboxyalkyl cellulose becomes water Insoluble and possessed of 
desirable liquid absorptive and retentive properties and 
characteristics. 

U.S. Patent 3,345,358 issued October 3, 1967, to Inklaar 
describes a method of preparing a gel-forming derivative of 
polysaccharides such as carboxymethyl starch. The method Involves 
acidifying finely divided carboxymethyl ethers of polysaccharides by 
treating them with acid in methanol or other water-mi scible, organic 
liquid medium. In this manner, acid carboxymethyl groups are formed 
on the material. The material is held under acidified, 
non-hydrolyzing conditions to bring about the formation of ester 
bonds whereby constituent macromolecules of the material become 
crossl inked one to another. The material is then neutralized with an 
alkali. The derivatives so produced are described as being capable 
of forming a gel upon addition to water. 

U.S. Patent 3,379,720 issued April 23, 1968, to Reid describes a 
process of preparing modified polysaccharides, such as ethers and 
esters of cellulose, comprising slurrying a water-soluble 
polysaccharide In any inert medium, acidifying said polysaccharide, 
removing excess acid from the acidified polysaccharide, drying same 
and heat-curing. 

U.S. Patent 4,689,408 Issued August 25, 1987, to Gelman et al. 
describes a method of preparing salts of carboxymethyl cellulose. 
The method involves treating a carboxymethyl cellulose with water, 
adding a nonsolvent for the carboxymethyl cellulose, and recovering 
the carboxymethyl cellulose. The carboxymethyl cellulose is said to 
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have an absorbency of at least 25 grams of liquid per gram of 
carboxymethyl cellulose. 

Unfortunately, the known modified polysaccharide materials do 
not possess absorptive properties comparable to many of the 
synthetic, highly-absorptive materials. This has prevented 
widespread use of such carboxyalkyl polysaccharides in absorbent 
personal care products. 

It is desirable to develop and produce a natural -based, highly 
absorbent material having age-stable absorptive properties similar to 
the synthetic, highly absorptive materials and, thus, suitable for 
use in personal care absorbent products. 

Summary of the Invention 

The present invention concerns a water-swell able, 
water- insoluble carboxyalkyl polysaccharide. The carboxyalkyl 
polysaccharide is characterized in that it exhibits an effective 
initial Absorbency Under Load (AUL) value and exhibits an effective 
stability in its absorbent properties after aging. 

One embodiment of the present invention concerns a carboxyalkyl 
polysaccharide that exhibits an initial Absorbency Under Load value 
of at least about 14 and retains at least about 50 percent of its 
initial Absorbency Under Load value after aging for about 60 days at 
about 24'C and at least about 30 percent relative humidity. 

The present invention further concerns methods for producing a 
water- swell able, water- in soluble carboxyalkyl polysaccharide that 
exhibits an effective initial Absorbency Under Load value and 
exhibits an effective stability in its absorbent properties after 
aging. 

One method of the present invention comprises the steps of 
preparing a mixture comprising a water-soluble carboxyalkyl 
polysaccharide, water, and a crossl Inking agent. The carboxyalkyl 
polysaccharide is recovered from the mixture and heat-treated at a 
temperature for an amount of time effective so that the carboxyalkyl 
polysaccharide exhibits an effective Initial Absorbency Under Load 
value and exhibits an effective stability in its absorbent properties 
after aging. 
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One embodiment of such a method comprises forming a mixture 
comprising a water-soluble carboxyal kyl polysaccharide, water, and a 
crossl inking agent; recovering said carboxyal kyl polysaccharide from 
said mixture; and heat-treating said recovered carboxyalkyl 
5 polysaccharide at a temperature above about 50*C for a time effective 
to crosslink said carboxyalkyl polysaccharide to render said 
carboxyalkyl polysaccharide water swell able and water insoluble, 
wherein the water-swellable, water- insoluble carboxyalkyl 
polysaccharide exhibits an initial Absorbency Under Load value of at 

10 least about 14 and retains at least about 50 percent of the initial 
Absorbency Under Load value after aging for about 60 days at about 
24°C and at least about 30 percent relative humidity* 

Another method of the present invention comprises the steps of 
preparing a mixture comprising a water-soluble carboxyalkyl 

15 polysaccharide and water. The carboxyalkyl polysaccharide is 

recovered from the mixture and heat-treated at a temperature for an 
amount of time effective so that the carboxyalkyl polysaccharide 
exhibits an effective initial Absorbency Under Load value and 
exhibits an effective stability in its absorbent properties after 

20 aging. 

One embodiment of such a method comprises forming a mixture 
comprising a water-soluble carboxyalkyl polysaccharide, and water; 
recovering said carboxyalkyl polysaccharide from said mixture; and 
heat-treating said recovered carboxyalkyl polysaccharide at a 

25 temperature between about 200 # C and about 250*C for an amount of time 
between about 50 to about 90 seconds, wherein said heat-treating is 
effective to crosslink said carboxyalkyl polysaccharide to render 
said carboxyalkyl polysaccharide water swell able and water insoluble, 
wherein the water-swellable, water-insoluble carboxyalkyl 

30 polysaccharide exhibits an initial Absorbency Under Load value of at 
least about 14 and retains at least about 50 percent of the initial 
Absorbency Under Load value after aging for about 60 days at about 
24*C and at least about 30 percent relative humidity. 

Another method of the present invention comprises the steps of 

35 preparing a mixture comprising a water-soluble carboxyalkyl 
polysaccharide and water, wherein the mixture has a pH between 
about 4.0 and about 7.5. The carboxyalkyl polysaccharide is 
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recovered from the mixture and heat-treated at a temperature for an 
amount of time effective so that the carboxyalkyl polysaccharide 
exhibits an effective initial Absorbency Under Load value and 
exhibits an effective stability in Its absorbent properties after 
aging. 

One embodiment of such a method comprises forming a mixture 
comprising a water-soluble carboxyalkyl polysaccharide and water, 
wherein the mixture has a pH between about 4.0 and about 7.5; 
recovering said carboxyalkyl polysaccharide from said mixture; and 
heat-treating said recovered carboxyalkyl polysaccharide at a 
temperature above about 50'C for a time effective to crosslink said 
carboxyalkyl polysaccharide to render said carboxyalkyl 
polysaccharide water swellable and water Insoluble, wherein the 
water-swellable, water- insoluble carboxyalkyl polysaccharide exhibits 
an initial Absorbency Under Load value of at least about 14 and 
retains at least about 50 percent of the initial Absorbency Under 
Load value after aging for about 60 days at about 24*C and at least 
about 30 percent relative humidity. 

Another method of the present invention comprises the steps of 
preparing a mixture comprising a water-soluble carboxyalkyl 
polysaccharide, citric acid, a catalyst, and water. The carboxyalkyl 
polysaccharide is recovered from the mixture so that the carboxyalkyl 
polysaccharide exhibits an effective initial Absorbency Under Load 
and exhibits an effective stability in its absorbent properties after 
aging. 

One embodiment of such a method comprises forming a mixture 
comprising a water-soluble carboxyalkyl polysaccharide, water, citric 
acid, and sodium hypophosphite and recovering said carboxyalkyl 
polysaccharide from said mixture, wherein the water-swellable, 
water- in soluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 14 and retains at least 
about 50 percent of the initial Absorbency Under Load value after 
aging for about 60 days at about 24*C and at least about 30 percent 
relative humidity. 

Another method of the present invention comprises the steps of 
forming a mixture comprising a water-soluble carboxyalkyl 
polysaccharide, an aluminum ion, and water. The carboxyalkyl 
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polysaccharide is recovered from the mixture so that the carboxyalkyl 
polysaccharide exhibits' an effective Initial Absorbency Under Load 
and exhibits an effective stability in Its absorbent properties after 
aging. 

5 One embodiment of such a method comprises forming a mixture 

comprising a water-soluble carboxyalkyl polysaccharide, water, and a 
crossllnking agent comprising an aluminum ion and recovering said 
carboxyalkyl polysaccharide from said mixture wherein the water- 
swellable, water-Insoluble carboxyalkyl polysaccharide exhibits an 
10 Initial Absorbency Under Load value of at least about 14 and retains 
at least about 50 percent of the initial Absorbency Under Load value 
after aging for about 60 days at about 24 'C and at least about 30 
percent relative humidity. 

Another method of the present invention comprises preparing a 
15 carboxyalkyl polysaccharide in a reaction dispersion, recovering the 
carboxyalkyl polysaccharide from the reaction dispersion, preparing a 
mixture comprising the recovered carboxyalkyl polysaccharide and 
water, and recovering the carboxyalkyl polysaccharide from the 
mixture wherein the carboxyalkyl polysaccharide comprises an amount 
20 of the original crystalline structure of the polysaccharide to be 
effective so that the carboxyalkyl polysaccharide exhibits an 
effective Initial Absorbency Under Load and exhibits an effective 
stability 1n its absorbent properties after aging. 
One embodiment of such a method comprises: 
25 a. preparing a reaction dispersion comprising a solvent and a 
polysaccharide comprising an original crystalline structure; 

b. adding a carboxyalkyl at 1ng reagent to the reaction dispersion at 
conditions effective to allow the carboxyalkyl at ing reagent to 
react with the polysaccharide to prepare a carboxyalkyl 

30 polysaccharide; 

c. recovering the carboxyalkyl polysaccharide from the reaction 
dispersion; 

d. preparing a mixture comprising the recovered carboxyalkyl 
polysaccharide and water; and 

35 e. recovering the carboxyalkyl polysaccharide from the mixture 

wherein the carboxyalkyl polysaccharide comprises an amount of 
the original crystalline structure of the polysaccharide to be 
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effective to result in the water-swell able, water- insoluble 
carboxyalkyl polysaccharide exhibiting an initial Absorbency 
Under Load value of at least about 14 and retaining at least 
about 50 percent of the initial Absorbency Under Load value 
after aging for about 60 days at about 24'C and at least about 
30 percent relative humidity. 

Brief Description of th e Drawings 

Fig. 1 illustrates the apparatus for determining the Absorbency 
Under Load values of an absorbent material. 

Detailed Description o f the Prefprred Embodiments 

In one aspect, the present invention concerns a water- swell able, 
water-insoluble modified polysaccharide that initially exhibits 
effective absorbency properties and substantially retains such 
absorbency properties after aging. 

Modified polysaccharides suitable for use in the present 
invention are generally water soluble prior to treatment of the 
modified polysaccharide to provide the modified polysaccharide with 
the desired Initial and age-stable absorbency characteristics as 
disclosed herein. As used herein, a modified polysaccharide will be 
considered to be water soluble when it substantially dissolves in 
excess water to form a true solution, thereby losing its initially 
particulate form and becoming molecularly dispersed throughout the 
water solution. Alternatively, the modified polysaccharide may swell 
in water to such an extent that 1t appears to lose Its initial 
structure even though a true solution may not be formed. As a 
general rule, the water-soluble modified polysaccharides will be free 
from a substantial degree of crossl Inking, as crosslinking tends to 
render the modified polysaccharides water insoluble. 

As used herein, the term "water-swellable, water- insoluble" is 
meant to refer to a modified polysaccharide that, when exposed to an 
excess of a 0.9 weight percent solution of sodium chloride in water, 
swells to its equilibrium volume but does not dissolve into the 
solution. As such, a water-swellable, water- insoluble modified 
polysaccharide generally retains its original Identity or physical 
structure, but in a highly expanded state, during the absorption of 
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the aqueous solution and, thus, must have sufficient physical 
integrity to resist flow and fusion with neighboring parti cles. A 
water-swellable, water- insoluble modified polysaccharide useful in 
the present invention is one which is effectively crossl inked to be 
5 substantially insoluble but still is initially capable of absorbing 
at least about 14 times its own weight of a 0.9 weight percent 
solution of sodium chloride in water when under an applied load of 
about 0.3 pound per square inch. 

Modified polysaccharides suitable for use in the present 

10 invention include, without limitation, the carboxylated, sulfonated, 
sulfated, and phosphated derivatives of polysaccharides, their salts, 
and mixtures thereof. Exemplary of suitable polysaccharides are 
cellulose, starch, guar, carrageenan, agar, gellan gum, chitin, 
chitosan and mixtures thereof. 

15 Suitable carboxyalkyl polysaccharides for use in the present 

invention include carboxyalkyl celluloses such as carboxymethyl 
cellulose, carboxyethyl cellulose, carboxyalkyl starch, carboxyalkyl 
carrageenan, carboxyalkyl agar, carboxyalkyl gellan gum, and mixtures 
thereof. A beneficial carboxyalkyl polysaccharide is a carboxyalkyl 

20 cellulose with a beneficial carboxyalkyl cellulose being 
carboxymethyl cellulose. 

Methods of making carboxyalkyl polysaccharides are known to 
those skilled in the art. Suitably, a polysaccharide material such 
as wood pulp fluff, cotton, cotton 1 inters, starch, and agar are 

25 provided. The polysaccharide material may be in the form of fibers 
or of fibers which have been comminuted to particulate form. 
Typically, the polysaccharide material is dispersed in a solvent, 
such as water or an alcohol, and carboxyalkyl at ing reagents added to 
the dispersion. Carboxyalkyl at ing reagents generally comprise a 

30 chloroalkanoic acid, such as monochloroacetic acid, and a base, such 
as sodium hydroxide. The carboxyalkyl at ing reagents are added to the 
dispersion at conditions effective to allow the carboxyalkyl at ing 
reagents to react with and modify the polysaccharide. Such effective 
conditions can vary and will typically depend on, for example, 

35 temperature, pressure, mixing conditions, and relative amounts of 
materials, solvents and reagents used in the modification of the 
polysaccharide. 
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One process of the present invention comprises preparing the 
carboxyalkyl polysaccharide from a polysaccharide comprising an 
original crystalline structure and retaining an effective amount of 
the original polysaccharide crystalUnlty wherein such retained 
crystallinlty functions as a crossl inking moiety so that the 
carboxyalkyl polysaccharide exhibits an effective initial Absorbency 
Under Load value and exhibits an effective stability in its 
absorption properties after aging. 

In such a process, the polysaccharide material 1s dispersed in a 
solvent and carboxyalkyl ating reagents are added to the dispersion. 
The carboxyalkyl ating reagents are added to the dispersion at 
conditions effective to allow the carboxyalkyl ating reagents to react 
with and modify the polysaccharide while retaining an effective 
amount of the original crystallinity of the polysaccharide. Such 
effective conditions can vary and will typically depend on, for 
example, temperature, pressure, mixing conditions, and types and 
relative amounts of materials, solvents and reagents used. The 
carboxyalkyl polysaccharide 1s then generally recovered from the 
dispersion. The recovered carboxyalkyl polysaccharide 1s then 
dispersed in an aqueous mixture and recovered from the mixture as, 
for example, using the methods described herein. Such a final - 
recovered crystal line-crossl inked carboxyalkyl polysaccharide 
comprises an amount of the original crystalline structure of the 
polysaccharide to be effective to result in the crystalline- 
crossl Inked carboxyalkyl polysaccharide exhibiting an effective 
Initial Absorbency Under Load value and exhibiting an effective 
stability after aging. 

Many polysaccharides, such as cellulose and chitin, are known to 
be highly crystalline materials. The degree of crystallinity depends 
on the source of the polysaccharide and its processing history. The 
highly-ordered crystalline structures and the less-ordered amorphous 
areas generally have different reactivities toward incoming 
chemicals. The result of this difference in reactivities is that the 
amorphous areas are generally substituted first and heaviest, whereas 
the highly crystalline areas are substituted last and least. Alkali 
swelling of the polysaccharide improves the accessibility of the 
modifying reagents into the crystalline areas and facilitates the 
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modifying reactions. If the overall degree of substitution of the 
polysaccharide is sufficiently high and the modification relatively 
uniformly distributed, total solubility of the modified 
polysaccharide in an aqueous solution is generally achieved. 
However, 1f the overall degree of substitution 1s relatively low, or 
the modification relatively unevenly distributed, the resulting 
modified polysaccharide will have a chain structure of alternating 
soluble and insoluble segments like a block copolymer. The insoluble 
segments would generally be in the crystalline areas remaining after 
the modification reaction. Such a crystalline area functions as a 
crossl inking point for the soluble modified polysaccharide segments. 
Such crystallinity of the initial polysaccharide or of the modified 
final product may be determined by analytical methods such as optical 
microscopy and x-ray diffraction. The modified final product, after 
dispersion in an aqueous solution, may retain some of the fibrous 
characteristics of the initial polysaccharide. 

Using carboxymethylatlon of cellulose as an example for 
discussion purposes, carboxymethylatlon is a modification process 
which Is generally considered klnetically controlled and 
irreversible. Once the carboxymethyl substitution has taken place, 
the arrangement of the carboxymethyl groups along the cellulose chain 
is generally fixed. The particular pattern of carboxymethyl 
substitution on cellulose obtained depends on the reactant ratios and 
reaction conditions during the synthesis. 

In cellulose, the more accessible amorphous regions tend to be 
substituted preferentially over the crystalline regions. 
Consequently, the carboxymethyl groups are not uniformly distributed 
along the cellulose chain. Using excess alkali, or pushing the 
reaction to a higher degree of substitution, allows substitution to 
occur in the crystalline regions, leading to more uniform patterns of 
substitution and more complete water solubility. 

Conversely, the survival of the native cellulose crystalline 
areas could be encouraged by certain conditions. For example, a 
crystal Hne-crossl inked carboxymethyl cellulose has been found to be 
capable of being prepared by different processes including: using 
potassium hydroxide as compared to sodium hydroxide as the alkali 1n 
the process; using a less than stoichiometric ratio of alkali to 
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carboxyalkylating reagent, such as chloroacetlc add; using a lower 
reactant ratio of carboxymethylating reagents to cellulose; varying 
the solvent composition in the slurry process; or a combination of 
these different process techniques. Such reaction conditions can be 
designed to promote carboxymethyl cellulose structures which have 
crystalline cellulose segments as well as carboxyalkylated segments 
1n the final molecular structures. One typical result of this 
molecular structure is that, when the aforementioned carboxymethyl 
cellulose is dissolved in water, the dispersion remains translucent 
or fibrous; whereas a soluble, relatively uniformly substituted 
carboxymethyl cellulose results in a solution that is clear and 
transparent. 

Alkali is used in the preparation of carboxymethyl cellulose as 
both a swelling agent for the cellulose and a neutralizing chemical 
for any acids, such as hydrochloric add, released by the 
carboxymethyl at 1 on reaction. Sodium hydroxide is generally used as 
the alkali in commercial carboxymethyl cellulose manufacturing 
processes. It has been found that the use of potassium hydroxide as 
the alkali In the carboxymethyl ati on of cellulose tends to produce a 
more unevenly distributed carboxymethyl ati on pattern, even at a 
relatively high degree of substitution, than the use of sodium 
hydroxide. Such an unevenly distributed carboxymethyl ati on pattern 
generally helps preserve part of the native crystallites in the final 
carboxymethyl polysaccharide product which generally results 1n 
improved absorbent properties of the carboxymethyl polysaccharide. 
Conversely, the same process, but with sodium hydroxide in place of 
potassium hydroxide as the alkali, results 1n a water-soluble 
carboxymethyl cellulose with relatively poorer absorbent properties. 

The differences between using potassium hydroxide as compared to 
using sodium hydroxide is believed to be related to the solvation 
power of the potassium 1on. Being a larger cation than the sodium 
ion, the potassium ion may not be able to penetrate some of the 
cellulose crystalline regions, leaving such cellulose crystalline 
regions generally intact during carboxymethyl at1 on and, thus, 
resulting in a more unevenly distributed substitution pattern. Such 
an unevenly distributed substitution pattern can happen even with 
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relatively highly- substituted carboxymethyl cellulose as, for 
example, with a degree of substitution greater than 1. 

Use of an excess amount of alkali relative to the 
carboxyalkylating reagent, such as chloroacetic acid, generally 
produces a more evenly substituted carboxymethyl cellulose product 
which is water soluble when the degree of substitution is 
sufficiently high. However, it has been found that, where there is a 
deficiency of alkali relative to the carboxyalkylating agent, a 
water- insoluble and relatively unevenly substituted carboxymethyl 
cellulose with desirable absorbent properties may be produced. This 
phenomenon is believed to occur because a deficiency in alkali 
relative to the carboxyalkylating reagent reduces the degree of 
swelling in the cellulose structure which, in turn, promotes 
preferential substitution in the amorphous regions as compared to the 
crystalline regions. 

Use of a relatively low ratio of carboxyalkylating reagent to 
polysaccharide, such as of chloroacetic acid to cellulose, may also 
be used to produce a carboxyalkyl polysaccharide with desirable 
absorbent properties. In addition, the use of a relatively low ratio 
of carboxyalkylating reagent to polysaccharide generally means lower 
raw material costs and less reaction by-products, both of which are 
generally beneficial for economic and environmental reasons. 

Such crystal line-crossl inked carboxyalkyl polysaccharides 
generally need to be treated with a homogenization process, such as 
by dispersion and recovery from an aqueous mixture, but generally do 
not need any additional processing steps, such as heat or chemical 
treatment, in order to exhibit the desired initial AUL value and age- 
stable absorbency properties described in this invention. 

Through dispersion of the crystal line-crossl Inked carboxyalkyl 
cellulose in water, the fibrous structure and the molecular alignment 
of the modified cellulose chains are reduced. As the soluble 
segments of the carboxyalkyl cellulose chains start to interpenetrate 
one another in the dispersion, a random, coil -entangled molecular 
configuration is created which is subsequently locked in upon drying. 
Larger aggregates of the crystalline areas might also be formed in 
the dissolution process which serve as super- junction zones for the 
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carboxyalkyl cellulose chains, allowing a truly three-dimensional 
network to evolve. 

Repeated liquid uptake and removal do not seem to affect the 
absorbent properties of the crystal line-crossl inked carboxyalkyl 
cellulose. The stability of the physical crosslinks is believed to 
be dependent on the size of the crystalline areas that serve as the 
crossl inking junctions. Once the crystalline areas are above an 
effective range, as for example above the micron range, the junctions 
are stable and will generally not be susceptible to the attack of 
water molecules. Such an effective size of the crystalline areas is 
generally reflected in the translucency of the dispersion of the 
crystal line-crossl inked carboxymethyl cellulose in an aqueous 
solution. Any method of recovering the carboxyalkyl 
polysaccharide from a reaction dispersion, without unacceptably 
deteriorating the absorption characteristics of the carboxyalkyl 
polysaccharide, is suitable for use in the present invention. 
Examples of such methods include evaporative drying, freeze drying, 
precipitation, critical point drying, and the like. However, it is 
to be understood that it may be possible to perform the 
carboxyalkylation of the starting polysaccharide in such a manner 
that a solution of carboxyalkyl polysaccharide and water can be 
formed directly, without the need of an intermediate recovery step. 
For example, the modification process may be performed under low 
moisture conditions. That is, the starting polysaccharide may be 
wetted with, for example, 1 part of water for each part of starting 
polysaccharide. Carboxyalkyl at ing reagents can then be mixed with 
the wetted starting polysaccharide such that carboxyalkylation 
occurs. Additional water can then be added to the carboxyalkyl 
polysaccharide to form a mixture of carboxyalkyl polysaccharide and 
water. In this manner, no recovery step may be necessary between 
formation of the carboxyalkyl polysaccharide and any further 
treatment steps, such as the preparation of a mixture of carboxyalkyl 
polysaccharide and water, in order to impart the aging stability to 
the carboxyalkyl polysaccharide. If too much water is present in the 
starting polysaccharide, however, the carboxyalkylation reaction may 
not occur to a sufficient degree. 
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When the carboxyalkyl polysaccharide is a carboxyalkyl 
cellulose, the carboxyalkyl celluloses suitable for use in the 
present invention generally have an average degree of substitution 
from about 0.3 to about 1.5, suitably from about 0.4 to about 1.2. 
The degree of substitution refers to the average number of 
carboxylalkyl groups, such as carboxymethyl groups, present on the 
anhydroglucose unit of the cellulosic material. Generally, the 
maximum average number of carboxylalkyl groups that may be present on 
the anhydroglucose unit of the cellulosic material is 3.0. When the 
carboxyalkyl celluloses have an average degree of substitution within 
the range of from about 0.3 to about 1.5, the carboxyalkyl celluloses 
are generally water soluble prior to treatment of the carboxyalkyl 
celluloses to provide the carboxyalkyl celluloses with the desired 
initial and age-stable absorbency properties of the present 
invention. However, one skilled in the art will appreciate that 
other characteristics, such as the actual pattern of modifying 
substitution of the polysaccharide, may also have an effect on the 
water-solubility of the carboxyalkyl polysaccharide. 

Carboxyalkyl cellulose is available 1n a wide range of molecular 
weights. Carboxyalkyl cellulose having a relatively high molecular 
weight is often beneficial for use 1n the present invention. 
Nonetheless, a wide range of molecular weights are suitable for use 
1n the present Invention. It 1s generally most convenient to express 
the molecular weight of a carboxyalkyl cellulose In terms of its 
viscosity 1n a 1.0 weight percent aqueous solution at 25 *C. 
Carboxymethyl celluloses suitable for use 1n the present invention 
will generally have a viscosity in a 1.0 weight percent aqueous 
solution at 25*C of from about 10 centipoise (10 mPa.s) to about 
80,000 centipoise (80,000 mPa.s), beneficially from about 
500 centipoise (500 mPa.s) to about 80,000 centipoise (80,000 mPa.s), 
and more beneficially from about 1,000 centipoise (1,000 mPa.s) to 
about 80,000 centipoise (80,000 mPa.s). 

The crossl inked carboxyalkyl polysaccharides exhibiting Improved 
absorbent properties of the present invention have been found to 
exhibit relatively low aqueous solution viscosities as compared to 
carboxyalkyl polysaccharides that do not exhibit the improved 
absorbent properties of the present invention. For example, when 
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measured as a 1.0 weight percent amount in a 0.9 weight percent 
sodium chloride (saline) aqueous solution that has been allowed to 
reach equilibrium at about 25*C as, for example, after about 18 hours 
of mixing, the carboxyalkyl polysaccharides of the present Invention 
have been found to exhibit a viscosity of less than about 400 
centipoise, beneficially less than about 300 centipoise, and suitably 
less than about 200 centipoise. The carboxyalkyl polysaccharides of 
the present invention have been found to exhibit viscosities that are 
typically about 50 percent, beneficially about 60, and suitably about 
70 percent less than the viscosity exhibited by an otherwise 
identical carboxyalkyl polysaccharide that has not been prepared or 
treated to exhibit the improved absorbent properties of the present 
invention. For example, if a carboxyalkyl polysaccharide that has 
not been prepared or treated to exhibit the improved absorbent 
properties of the present invention exhibits a viscosity of about 800 
centipoise, a carboxyalkyl polysaccharide that has been prepared or 
treated to exhibit the improved absorbent properties of the present 
invention will typically exhibit a viscosity of less than about 400 
centipoise, beneficially less than about 320 centipoise, and suitably 
less than about 240 centipoise. 

The method according to the present invention 1s found to 
produce an improvement in initial AUL values in modified 
polysaccharides over a wide range of molecular weights. While high 
molecular weight, modified polysaccharides are generally preferred, 
it is important that improvements 1n low molecular weight, modified 
polysaccharides can be achieved. Low molecular weight, modified 
polysaccharides are generally cheaper than high molecular weight, 
modified polysaccharides. Accordingly, there is an economic 
advantage for employing low molecular weight, modified 
polysaccharides. Further, it Is possible to work with aqueous 
solutions containing relatively high concentrations of low molecular 
weight, modified polysaccharides compared to aqueous solutions 
containing high concentrations of high molecular weight, modified 
polysaccharides. This is because aqueous solutions of high molecular 
weight, modified polysaccharides exhibit a high viscosity compared to 
an aqueous solution containing the same concentration of low 
molecular weight, modified polysaccharides. Again, for reasons of 
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efficiency, It is often desirable to form an aqueous solution 
comprising the highest concentration of modified polysaccharides 
possible while still being able to effectively work with the aqueous 
solution. 

Suitable carboxyalkyl celluloses are commercially available from 
numerous vendors. Exemplary of a commercially available carboxyalkyl 
cellulose is carboxymethyl cellulose, commercially available from the 
Aqualon Company under the trade designation AQUALON* or BLANOSE* 
Cellulose Gum. 

The carboxyalkyl polysaccharides of the present invention have 
the ability to absorb a liquid while the carboxyalkyl polysaccharide 
1s under an external pressure or load, herein referred to as 
Absorbency Under Load (AUL). Synthetic polymeric materials, such as 
polyacrylates, having a generally high ability to absorb while under 
a load, have been found to minimize the occurrence of gel -blocking 
when incorporated in absorbent products. The method by which the 
Absorbency Under Load is determined is set forth below 1n connection 
with the examples. The Absorbency Under Load values determined as 
set forth below and reported herein refer to the amount, 1n grams, of 
an aqueous solution containing 0.9 weight percent sodium chloride a 
gram of the modified polysaccharide can absorb in 60 minutes under a 
load, for example, of about 0.3 pound per square inch (psi). As a 
general rule, it is desired that the carboxyalkyl polysaccharide has 
an initial Absorbency Under Load value, for a load of about 0.3 ps1, 
of. at least about 14, beneficially of at least about 17, more 
beneficially of at least about 20, suitably of at least about 24, 
more suitably of at least about 27, and up to about 50 grams per 
gram. As used herein, the term "Initial Absorbency Under Load" 1s 
meant to refer to that AUL value exhibited by a carboxyalkyl 
polysaccharide as measured within 1 day after preparation of the 
carboxyalkyl polysaccharide when the carboxyalkyl polysaccharide 1s 
stored at ambient conditions, such as at about 24*C and between about 
30 to about 60 percent relative humidity. The conditions under which 
a carboxyalkyl polysaccharide is stored have been found to 
potentially have an impact on the absorbent properties of the 
carboxyalkyl polysaccharide as 1t ages. Even relatively mild 
conditions, such as ambient conditions, such as about 24 *C and at 
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least about 30 percent relative humidity, suitably between about 30 
to about 60 percent relative humidity, will typically result in a 
degradation of the absorbent properties of the carboxyalkyl 
polysaccharide as it ages. Typically, storage conditions, such as 
relatively higher temperatures and/or relatively higher relative 
humidities, as compared to ambient conditions, may result in quicker 
and/or more severe degradation of the absorbent properties of the 
carboxyalkyl polysaccharide as it ages. 

Carboxyalkyl polysaccharides of the present invention will tend 
to retain their initial AUL value after aging. Specifically, 
carboxyalkyl polysaccharides of the present invention may retain 
greater than about 50 percent, and suitably greater than about 
70 percent, of their Initial AUL value after aging for about 60 days. 
Typically, the aging conditions are at ambient conditions, such as at 
about 24*C and at least about 30 percent relative humidity. For 
example, 1f a carboxyalkyl polysaccharide of the present invention 
has an Initial AUL value of about 20, that carboxyalkyl 
polysaccharide may have an AUL value of at least about 10, and 
suitably of about 14, after aging for about 60 days at about 24*C and 
at least about 30 percent relative humidity. Otherwise similar 
carboxyalkyl polysaccharides tend not to retain their Initial AUL 
value after aging under similar conditions. 

Suitably, the carboxyalkyl polysaccharides of the present 
invention retain greater than about 50 percent, and more suitably 
greater than about 70 percent, of their initial AUL value after aging 
for about 60 days at about 24*C and about 100 percent relative 
humidity. 

As described above, the carboxyalkyl polysaccharide 1s suitably 
a carboxyalkyl cellulose, such as carboxymethyl cellulose or 
carboxyethyl cellulose. Such a carboxyalkyl cellulose suitably has 
an initial Absorbency Under Load value of at least about 14, 
beneficially of at least about 17, more beneficially of at least 
about 20, suitably of at least about 24, and more suitably of at 
least about 27 and retains greater than about 50 percent, and 
suitably greater than about 70 percent, of its initial AUL value 
after aging for about 60 days at about 24*C and at least about 
30 percent relative humidity and, suitably, retains greater than 
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about 50 percent, beneficially greater than about 70 percent, of its 
initial AUL value after aging for about 60 days at about 24*C and 
about 100 percent relative humidity. 

Without intending to be bound thereby, it is hypothesized that 
5 the aging phenomenon in regards to the AUL is due to the 
disassociation of crossl inking points of the carboxyalkyl 
polysaccharide. Crossl inking points can generally be divided into 
two groups. First, crossl inking points can be of a relatively 
permanent crossl inking, such as with ester or amide linkages, 

10 resulting, for example, by the use of a polyamine crossl inking agent, 
or with ionic bonding, resulting, for example, by the use of a 
polyvalent metal ion crossl inking agent, or with physical crosslinks 
resulting, for example, from a retained crystalline structure. 
Second, crossl inking points can be of a relatively temporary 

15 crossl inking, such as with hydrogen bonding within the carboxyalkyl 
polysaccharide. In order to improve the aging stability of the 
carboxyalkyl polysaccharide, it is believed to be desirable to 
increase the amount of relatively permanent crosslinking that exists 
within the carboxyalkyl polysaccharide but not to such an extent as 

20 to over-crosslink the carboxyalkyl polysaccharide. 

The carboxyalkyl polysaccharides of the present invention are 
suitable for use in disposable absorbent garments such as personal 
care products, such as diapers, training pants, feminine care 
products, adult incontinent products, and medical products such as 

25 wound dressings or surgical capes or drapes. 

It has been found that the modified polysaccharides of the 
present invention may be prepared by a variety of processes. In 
general, an aqueous mixture of a water-soluble carboxyalkyl 
polysaccharide, water and, optionally, a crosslinking agent, is 

30 prepared. Such an aqueous mixture generally comprises from about 

0.01 to about 90 weight percent, beneficially from about 0.1 to about 
30 weight percent, and suitably from about 2 to about 25 weight 
percent, based on total mixture weight, of the carboxyalkyl 
polysaccharide. The mixture generally comprises from about 99.99 to 

35 about 10 weight percent, beneficially from about 99.9 to about 
70 weight percent, and suitably from about 98 to about 75 weight 
percent water. 
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The dissolution of the carboxyalkyl polysaccharide into an 
aqueous mixture is believed to result in entanglement of individual 
segments of the carboxyalkyl polysaccharide with each other. Such 
entanglement results in the polysaccharide chains interpenetrating 
5 one another in the mixture, so that a random, coil -entangled 
molecular configuration occurs which is believed to effectively 
provide crossl inking points and which assists allowing for additional 
crossl inking of the carboxyalkyl polysaccharide upon further 
treatment as, for example, with heat- treatment. To allow for 
10 effective entanglement of individual segments of the carboxyalkyl 
polysaccharide with each other, the mixture is suitably allowed to 
form a stable, homogeneous mixture at equilibrium prior to additional 
treatment steps to ensure effective dissolution of the carboxyalkyl 
polysaccharide into the water. It will be appreciated that a non- 
15 water-soluble portion of the carboxyalkyl polysaccharide may exist 
that will typically not dissolve into water. For example, the 
retained crystalline areas of a crystalline-cross! inked 
polysaccharide will typically not dissolve in water while the non- 
crystalline areas typically will. 
20 The carboxyalkyl polysaccharide is typically dissolved in a 

solvent comprising at least about 30 weight percent watier, 
beneficially about 50 weight percent water, suitably about 75 weight 
percent water, and more suitably 100 weight percent water. When a 
co-solvent is employed with the water, other suitable solvents 
25 include methanol, ethanol, and acetone. However, the use or presence 
^ of such other, non-aqueous solvents may impede the formation of a 
homogeneous mixture such that the carboxyalkyl polysaccharide chains 
do not effectively dissolve into the solution and interpenetrate one 
another. 

30 Crossl inking agents suitable for use in the present invention 

are generally water soluble. One suitable crosslinking agent is an 
organic compound having at least two functional groups or 
functionalities capable of reacting with the carboxyl, amino, or 
hydroxyl groups of a carboxyalkyl polysaccharide. It is desired that 

35 such an organic crosslinking agent be selected from the group 

consisting of diamines, polyamines, diols, and polyols and mixtures 
thereof; particularly from the group consisting of primary diols, 
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primary polyols, primary diamines and primary polyamlnes and mixtures 
thereof. Of the dlols and polyols, those possessing longer carbon 
chain lengths (>4) are generally beneficial. Specifically, the 
crossl Inking agent may be selected from the group consisting of 
chitosan glutamate, type A gelatin, diethylenetriamine, ethylene 
glycol, butylene glycol, polyvinyl alcohol, hyaluronic acid, 
polyethylene inline and their derivatives and mixtures thereof. Other 
suitable organic crosslinking agents include monochloroacetic acid, 
sodium chloroacetate, citric acid, butane tetracarboxylic add, and 
amino acids such as aspartlc acid, and mixtures thereof. 

The presence of a crosslinking agent, particularly a diamine or 
polyamlne, 1n certain processes of the present invention, may improve 
the Initial Absorbency Under Load value of a carboxyalkyl 
polysaccharide according to the present invention when compared to an 
otherwise identical carboxyalkyl polysaccharide without a 
crosslinking agent in an otherwise similar process. Specifically, 
the carboxyalkyl polysaccharides prepared using a crosslinking agent 
may suitably have an initial Absorbency Under Load value of at least 
about 10 percent, and beneficially at least about 20 percent, greater 
than an otherwise identical carboxyalkyl polysaccharide without a 
crosslinking agent. The otherwise Identical carboxyalkyl 
polysaccharide will have the same composition and be prepared in a 
process exactly like the carboxyalkyl polysaccharide of the present 
invention, except It will not comprise the crosslinking agent. 

Another suitable crosslinking agent comprises a metal ion with 
more than two positive charges, such as Al 3 *, Fe 3 \ Ce 3 *, T1 4 *, Zr 4 \ 
and Ce 4+ . Suitable metal 1on crosslinking agents include those of 
the transition elements which generally have vacant d-orbitals. 
Suitable metal 1on crosslinking agents Include A1C1 3 , FeCl 3 , 
Ce 2 (S0 4 ) 3 , Zr(NH 4 ) 4 (C0j) 4 and Ce(NH 4 ) 4 (S0 4 ) 4 .2H 2 0, other well known 
metal ion compounds and mixtures thereof. Such metal ion 
crosslinking agents, when used with a carboxyalkyl polysaccharide, 
are believed to form Ionic bonds with the carboxyl groups of the 
carboxyalkyl polysaccharide. Metal ions with only two positive 
charges, such as Zn 2 *, Ca 2+ , or Mg 2 *, have generally been found to not 
provide sufficient crosslinking of the carboxyalkyl polysaccharide to 
result in the desired absorbent properties of the present invention. 
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The crossl inking agent is generally used in an amount of from 
about 0.01 to about 20, beneficially of from about 0.05 to about 10, 
and suitably of from about 0.1 to about 5 weight percent, based on 
total weight of the carboxyalkyl polysaccharide present in the 
5 mixture. 

Generally, the order of mixing the carboxyalkyl polysaccharide, 
water, and crossl inking agent is not critical when a crossl inking 
agent is used. As such, either the carboxyalkyl polysaccharide or 
the crossl inking agent may be added to the water and then the 

10 remaining material subsequently added, or all three materials may be 
added together at the same time. However, it may be beneficial, when 
using certain crossl inking agents, to first add the carboxyalkyl 
polysaccharide and water and then to add the crossl inking agent to 
the mixture. For example, if citric acid is used as the crossl inking 

15 agent, it may be beneficial that the carboxyalkyl polysaccharide and 
water first be mixed together and then the citric acid be added to 
the mixture. 

In general, a crosslinking catalyst will not be needed, but may 
be beneficial, to assist in the crosslinking of the carboxyalkyl 

20 polysaccharides of the present invention. For example, if citric 
acid is used as the crosslinking agent, sodium hypophosphite is 
beneficially used as a crosslinking catalyst. Such crosslinking 
catalysts can be used in an amount of from about 0.01 to about 
3.0 weight percent, suitably from about 0.1 to about 1.0 weight 

25 percent, based on the total weight of the carboxyalkyl polysaccharide 
used. 

The aqueous mixture of a carboxyalkyl polysaccharide, water, 
and, optionally, a crosslinking agent, can generally be formed at any 
temperature at which the carboxyalkyl polysaccharide is soluble in 

30 the water. Generally, such temperatures will be within the range of 
from about 10 # C to about 100 # C. As a general rule, it is suitable to 
form the mixture with agitation. 

The aqueous mixture may be acidic (a pH of less than 7), neutral 
(a pH of 7), or basic (a pH greater than 7). If desired, the mixture 

35 can be acidified by the addition of an aqueous solution of an 

inorganic acid, such as hydrochloric acid, nitric acid, or the like, 
or an aqueous solution of an organic acid, such as acetic acid, or 
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the like. Similarly, if it 1s desired to provide the aqueous mixture 
with a basic pH, a base such as an aqueous solution of sodium 
hydroxide, potassium hydroxide, ammonia, or the like can be added to 
the mixture. 

The aqueous mixture will generally have a pH within the range of 
from about 2 to about 12, beneficially from about 4 to about 9, more 
beneficially from about 4 to about 7.5, and suitably from about 6 to 
about 7.5. The recovered carboxyalkyl polysaccharide will generally 
have the same pH as the mixture. However, when the carboxyalkyl 
polysaccharide is recovered by evaporative drying, the evaporative 
drying step generally tends to lower the pH of the recovered 
carboxyalkyl polysaccharide 1f the mixture is Initially basic. 

When the carboxyalkyl polysaccharide of the present invention Is 
intended for use 1n personal care products, such as diapers, training 
pants, and feminine care products, It Is typically desired that the 
carboxyalkyl polysaccharide have a generally neutral character. For 
this reason, it is generally beneficial that the aqueous mixture be 
formed with a generally neutral pH. If the aqueous mixture is formed 
with an acidic or basic pH, the recovered carboxyalkyl polysaccharide 
may be acidic or basic (respectively) but may be neutralized. A 
recovered carboxyalkyl polysaccharide which 1s acidic may be 
neutralized, for example, by contacting with a gaseous base such as 
ammonia. A recovered carboxyalkyl polysaccharide which 1s basic may 
be neutralized, for example, by contacting with an acidic gas such as 
carbon dioxide. 

After forming a mixture of carboxyalkyl polysaccharide, water, 
and, optionally, a crossl inking agent, the carboxyalkyl 
polysaccharide Is recovered from the mixture. Any method of 
recovering the carboxyalkyl polysaccharide from the mixture, without 
unacceptably deteriorating the absorption characteristics of the 
carboxyalkyl polysaccharide, is suitable for use 1n the present 
invention. Examples of such methods include evaporative drying, 
freeze drying, precipitation, critical point drying, and the like. 

As used herein, recovery of the carboxyalkyl polysaccharide from 
the mixture is meant to represent that substantially all of the water 
is separated from the carboxyalkyl polysaccharide prior to additional 
treatment steps. It will be appreciated, however, that even after 
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removal of substantially all of the water, a small amount of water 
may remain entrapped within the structure of the carboxyalkyl 
polysaccharide. The amount of water remaining entrapped within the 
structure of the carboxyalkyl polysaccharide will typically depend on 
the method and conditions under which the carboxyalkyl polysaccharide 
is recovered. Generally, less than about 15 weight percent, 
beneficially less than about 10 weight percent, and suitably less 
than about 5 weight percent, of the original amount of water in the 
mixture will remain entrapped within the recovered carboxyalkyl 
polysaccharide. 

Suitably, the carboxyalkyl polysaccharide is recovered from the 
mixture with evaporative drying. As a general rule, the carboxyalkyl 
polysaccharide can be recovered by evaporative drying at a 
temperature within the range of from about 10*C to about 100'C, 
suitably from about 50*C to about 80*C. Naturally, higher 
temperatures can be employed if the mixture is placed under pressure. 
Lower temperatures can be employed if the mixture is placed under a 
vacuum. 

Other methods of recovery include precipitation in which a 
precipitating agent, such as methanol, ethanol or acetone, is added 
to the mixture of carboxyalkyl polysaccharide, water, and, 
optionally, a crosslinking agent, to precipitate the carboxyalkyl 
polysaccharide out of the mixture. The carboxyalkyl polysaccharide 
can then be recovered by filtration. If precipitation 1s used to 
recover the carboxyalkyl polysaccharide, it may be desirable to wash 
the recovered carboxyalkyl polysaccharide to remove the precipitating 
agent. 

Depending on the form in which the carboxyalkyl polysaccharide 
is recovered, 1t may be necessary or desirable to alter the form of 
the carboxyalkyl polysaccharide. For example, if evaporative drying 
is employed, the carboxyalkyl polysaccharide may be recovered in the 
form of a film or sheet. It may be desirable to comminute the film 
or sheet material into particles or flakes of material. 

The form of the recovered carboxyalkyl polysaccharide desired 
will depend to a large extent on the use for which 1t is intended. 
When the carboxyalkyl polysaccharide is Intended for use in absorbent 
personal care products, it is generally desired that the carboxyalkyl 
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polysaccharide be 1n the form of a discrete particle, fiber or flake. 
When in the form of a particle, it is generally desired that the 
particle have a maximum cross -sectional dimension within the range 
from about 50 micrometers to about 2,000 micrometers, suitably within 
5 the range from about 100 micrometers to about 1,000 micrometers, 
beneficially within the range from about 300 micrometers to about 
600 micrometers. 

In general, the recovered carboxyal kyl polysaccharide may need 
to be heat-treated at an elevated temperature for a period of time. 

10 Such heat-treatment generally results in crosslinking or additionally 
crossl inking the carboxyal kyl polysaccharide in order to achieve the 
desired initial AUL value and aging stability as described herein. 

However, if, for example, citric acid is used as the 
crosslinking agent and sodium hypophosphite is used as a crosslinking 

15 catalyst, it may be possible to prepare a carboxyal kyl polysaccharide 
which exhibits an effective initial AUL value and improved aging 
stability without the need for a further process step, such as heat- 
treatment, after recovery of the carboxyal kyl polysaccharide from the 
aqueous mixture. 

20 In general, if heat-treatment 1s necessary, any combination of 

temperature and time which is effective in achieving a desired degree 
of crosslinking, without undesirable damage to the carboxyal kyl 
polysaccharide, so that the carboxyalkyl polysaccharide exhibits a 
desired initial AUL value and aging stability as described herein, is 

25 suitable for use in the present invention. As a general rule, when a 
crosslinking agent is used, the carboxyalkyl polysaccharide will be 
heat-treated at a temperature within the range from about 50 # C to 
about 250 # C, beneficially from about 80'C to about 25Q # C, more 
beneficially from about 100*C to about 200 # C, and suitably from about 

30 100 # C to about 160*C. The higher the temperature employed, the 

shorter the period of time generally necessary to achieve the desired 
degree of crosslinking. It has been found that if very high 
temperatures are used with an effective length of time, such as a 
temperature between about 200*C and about 250*C for a length of time 

35 between about 50 and about 90 seconds, an effective initial AUL value 
and sufficient aging stability may be achieved for a carboxyalkyl 
polysaccharide without the use of a crosslinking agent. 
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Generally, the heat-treating process will extend over a time 
period within the range of from about 1 minute to about 600 minutes, 
beneficially from about 2 minutes to about 200 minutes, and suitably 
from about 5 minutes to about 100 minutes. 

By providing an aqueous mixture of carboxyal kyl polysaccharide, 
water and, optionally, a crosslinking agent, with an addle 
character, the time necessary to effect the crosslinking may be 
shortened. Without intending to be bound hereby, this is believed to 
be because a weakly acidic carboxyalkyl polysaccharide will generally 
have more free carboxylic acid groups present so that more ester 
linkage bonds may be formed even during a relatively low temperature 
heat-treatment. Providing the aqueous mixture with a slightly basic 
character tends to lengthen the time of the crosslinking process, at 
a given temperature, compared to a slightly acidic or neutral 
mixture. Nonetheless, similar general absorptive properties can 
generally be achieved with either an acidic, neutral, or basic 
aqueous mixture. In some instances, it may be desired to provide the 
aqueous mixture and the recovered carboxyalkyl polysaccharide with an 
acidic character in order to lower the temperature or shorten the 
time of the heat -treatment. In this instance, the carboxyalkyl 
polysaccharide may be neutralized after the heat-treatment step. 

The heat-treating process generally causes the carboxyalkyl 
polysaccharide to crosslink or additionally crosslink and become 
generally water swell able and water Insoluble. Without intending to 
be bound hereby, it Is believed that the heat-treating process causes 
the carboxyalkyl polysaccharide to undergo a degree of 
self-crossl inking, not related to the presence of a crosslinking 
agent, through the formation of ester linkages. This self- 
crossl inking is in addition to any crosslinking caused by the 
presence of a crosslinking agent. Further, when the crosslinking 
agent is a diamine or polyamine, It 1s believed that crosslinking 
occurs through amidation of the carboxyl group through the formation 
of an ammonia salt. Esterification, through a self-crossl inking 
process, is believed to occur primarily under a weakly acidic, 
neutral, or slightly basic condition. Esterification, through a 
self-crossl inking process, is not believed to proceed to a 
significant degree under relatively basic conditions. Crosslinking 
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due to the cross] inking agent may occur under both acidic and basic 
conditions. Thus, the presence of the cross! inking agent allows for 
crossl inking to occur over a broad pH range. 

There is generally an optimum degree or amount of crossl inking 
5 of a particular carboxyalkyl polysaccharide that optimizes the 
initial Absorbency Under Load value and aging stability of the 
particular modified polysaccharide. If too little crosslinking 
occurs, the carboxyalkyl polysaccharide may possess a relatively low 
initial Absorbency Under Load value due to a lack of gel strength. 
10 If too much crosslinking occurs, the carboxyalkyl polysaccharide may 
similarly have a relatively low initial Absorbency Under Load value 
due to the inability of the carboxyalkyl polysaccharide to absorb 
liquid. 

Those skilled in the art will recognize that the presence of 
15 crosslinks formed by esterification or amidation can be detected 
through various analytical techniques. For example, infrared 
spectroscopy and nuclear magnetic resonance can be used to verify the 
presence of ester and amide crosslinks. 

In another aspect, the present invention relates to a water- 
20 swell able, water- insoluble carboxyalkyl polysaccharide characterized 
in that the carboxyalkyl polysaccharide possesses crosslinks formed 
by esterification and amidation. Such a carboxyalkyl polysaccharide 
is suitably formed by the methods described above. Nonetheless, the 
described methods are not intended to be the exclusive methods by 
25 which such a carboxyalkyl polysaccharide can be formed. 

Test MethQfo 

Absorbency Under Load 

The Absorbency Under Load (AUL) is a test which measures the 
30 ability of an absorbent material to absorb a liquid (such as a 0.9 

weight percent solution of sodium chloride in distilled water) while 

under an applied load or restraining force. 

Referring to Fig. 1, the apparatus and method for determining 

AUL will be described. Shown 1s a perspective view of the apparatus 
35 in position during a test. Shown 1s a laboratory jack 1 having an 

adjustable knob 2 for raising and lowering the platform 3. A 

laboratory stand 4 supports a spring 5 connected to a modified 
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thickness meter probe 6, which passes through the housing 7 of the 
meter, which is rigidly supported by the laboratory stand. A plastic 
sample cup 8, which contains the superabsorbent material sample to be 
tested, has a liquid-permeable bottom and rests within a Petri 
dish 9, which contains the saline solution to be absorbed. A weight 
10 rests on top of a spacer disc (not visible) resting on top of the 
superabsorbent material sample (not visible). 

The sample cup consists of a plastic cylinder having a 1 inch 
inside diameter and an outside diameter of 1.25 Inches. The bottom 
of the sample cup is formed by adhering a 100 mesh metal screen 
having 150 micron openings to the end of the cylinder by heating the 
screen above the melting point of the plastic and pressing the 
plastic cylinder against the hot screen to melt the plastic and bond 
the screen to the plastic cylinder. 

The modified thickness meter used to measure the expansion of 
the sample while absorbing the saline solution is a Mitutoyo 
Digimatic Indicator, IDC Series 543, Model 543-180, having a range of 
0-0.5 inch and an accuracy of 0.00005 inch (Mitutoyo Corporation, 
31-19, Shiba 5-chome, Minato-ku, Tokyo 108, Japan). As supplied from 
Mitutoyo Corporation, the thickness meter contains a spring attached 
to the probe within the meter housing. This spring is removed to 
provide a free-falling probe which has a downward force of about 
27 grams. In addition, the cap over the top of the probe, located on 
the top of the meter housing, is also removed to enable attachment of 
the probe to the suspension spring 5 (available from McMaster-Carr 
Supply Co., Chicago, Illinois, Item No. 9640K41), which serves to 
counter or reduce the downward force of the probe to about 1 gram, 
+ 0.5 gram. A wire hook can be glued to the top of the probe for 
attachment to the suspension spring. The bottom tip of the probe is 
also provided with an extension needle (Mitutoyo Corporation, Part 
No. 131279) to enable the probe to be inserted Into the sample cup. 

To carry out the test, a 0.160 gram sample of the absorbent 
material, which has been sieved to a particle size between 300 and 
600 microns, is placed Into the sample cup. The sample 1s then 
covered with a plastic spacer disc, weighing 4.4 grams, which is 
slightly smaller than the inside diameter of the sample cup and 
serves to protect the sample from being disturbed during the test. 
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The 100 gram weight Is then placed on top of the spacer disc, thereby 
applying a load of about 0.3 pound per square Inch. The sample cup 
is placed in the Petri dish on the platform and the laboratory jack 
raised up until 1t contacts the tip of the probe. The meter Is 
zeroed. A sufficient amount of saline solution is added to the Petri 
dish (50-100 milliliters) to begin the test. The distance the weight 
is raised by the expanding sample as 1t absorbs the saline solution 
1s measured by the probe. This distance, multiplied by the cross- 
sectional area inside the sample cup, 1s a measure of the expansion 
volume of the sample due to absorption. Factoring in the density of 
the saline solution and the weight of the sample, the amount of 
saline solution absorbed is readily calculated. The weight of saline 
solution absorbed after about 60 minutes is the AUL value expressed 
as grams saline solution absorbed per gram of absorbent. If desired, 
the readings of the modified thickness meter can be continuously 
inputted to a computer (Mitutoyo Digimatic Mini processor DP-2 OX) to 
make the calculations and provide AUL readings. As a cross-check, 
the AUL can also be determined by determining the weight difference 
between the sample cup before and after the test, the weight 
difference being the amount of solution absorbed by the sample. 

Exampl es 
Example 1 

Two sodium carboxymethyl celluloses (CMC) commercially available 
from the Aqualon Company under the trade designation AQUAL0N® 
Cellulose Gum CMC-7HCF or CMC-9H4F are provided. The CMC-7HCF has an 
average degree of substitution of about 0.7 and a viscosity in a 
1 percent aqueous solution at 25*C of about 1000-2800 centipoise. 
The CMC-9H4F has an average degree of substitution of about 0.9 and a 
viscosity In a 1 percent aqueous solution at 25*C of about 2500-6000 
centipoise. Each carboxymethyl cellulose 1s Individually dissolved 
in distilled water to form a solution containing 2 weight percent 
carboxymethyl cellulose based on total solution weight. A 
crosslinking agent is dissolved in water to form a solution 
containing 0.5 weight percent of the crosslinking agent based on 
total solution weight. The crosslinking agents employed are chitosan 
glutamate, commercially available from Protan Biopolymer A/S, Norway, 
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under the trade designation Sea Cure G; 1,4-butylene glycol, 
commercially available from the Aldrich Chemical Company; 
polyethylene imine (molecular weight 50,000 - 100,000) commercially 
available from Polysciences, Inc.; sodium salt of hyaluronic acid 
commercially available from Sigma; Type A gelatin commercially 
available from the Aldrich Chemical Company under the trade 
designation 300 Bloom; and diethylene triamine commercially available 
from the Aldrich Chemical Company. The aqueous solution containing 
the crossl inking agent is then added to the individual aqueous 
solutions containing the carboxymethyl cellulose to provide various 
concentrations of crosslinking agent based on total weight of the 
carboxymethyl cellulose present in the aqueous solution. The 
resulting mixtures containing water, carboxymethyl cellulose, and 
crosslinking agent are then thoroughly mixed. The carboxymethyl 
cellulose is recovered from the solution by evaporative drying at 
80*C in a Blue M air-convection oven. After drying, the recovered 
carboxymethyl cellulose is ground into granules in a blender and 
heat-treated at various times and temperatures in an oven. Various 
combinations of carboxymethyl cellulose, crosslinking agent, 
concentration of crosslinking agent, heat-treatment temperature and 
heat-treatment time are made. The initial Absorbency Under Load 
values of the various carboxymethyl celluloses so prepared are 
measured. The exact combination of carboxymethyl cellulose and 
crosslinking agent and its initial AUL value are set forth in 
Table 1. Similarly, control samples of the carboxymethyl cellulose 
CMC-7HCF and CHC-9H4F are tested for AUL values. These results are 
also set forth in Table 1. 
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As can be seen from reference to Table 1, the method according 
to the present invention significantly increases the initial 
Absorbency Under Load value of the starting carboxymethyl cellulose 
materials. All of the crosslinklng agents employed are effective to 
Increase the initial Absorbency Under Load values. Further, it is 
seen that the crossl inking agents are effective over a range of 
concentrations. 

Example 2 

The chltosan glutamate aqueous solution employed in Example 1 is 
weakly acidic. In order to evaluate the effect of pH, a basic 
crossl inker (diethylenetriamine, commercially available from the 
Aldrich Chemical Company), is used. Again, a carboxymethyl cellulose 
(CMC-7HCF) is dissolved in distilled water to form a 2 weight percent 
aqueous solution. The diethylenetriamine is dissolved in water to 
form a 0.5 weight percent aqueous solution. The aqueous solution of 
diethylenetriamine is then added to the aqueous solution of 
carboxymethyl cellulose to provide a diethylenetriamine concentration 
of 2.0 weight percent based on total weight of the carboxymethyl 
cellulose present in the aqueous solution. The carboxymethyl 
cellulose is then recovered by evaporative drying and comminuted into 
particles as described in Example 1. A comparison material is 
prepared by dissolving carboxymethyl cellulose (CHC-7HCF) in 
distilled water to form a 2 weight percent solution. To the aqueous 
solution of carboxymethyl cellulose is then added 0.004 weight 
percent sodium hydroxide. The comparison carboxymethyl cellulose 1s 
recovered and comminuted into particles as described in Example 1. 
Both samples are then heated at various temperatures for 30 minutes. 
The resulting polymers are tested for Initial Absorbency Under Load. 
The results of the testing are set forth in Table 2. 
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TABLE 2 



5 



15 



Samnl p 
No. 


Composition 


Treatmpnt 

1 1 CD Wllvl 1 U 

Temp CO 


1 1 ca uiicii u 

Time (min.) 


AUL Value 

(g/g) 


49 


LMi/ai etny I enetri amine 




30 


C O 

6.2 


cn 
50 


LnL/ui etny I enetri ami ne 


1 1 A 
110 


on 

30 


£ o 

6.2 


CI 


tnt/o i et ny i enetri ami ne 


i on 
120 


OA 

30 


6.5 


CO 


LML/ ui etny i enetri ami ne 


i on 
130 


OA 

30 


7.7 


CO 
90 


lpiu/qi e tny i ene in ami ne 


1IA 

140 


OA 

30 


13.1 




CMC 1 r\ i at h wl anaf v*i am ^ ma 

Lnu/u letny i enetri aim ne 


i cn 
1DU 


JO 


1/ .s 


EC 


CMC /Hi oth v/1 anatt^i ami no 

Lnu/uietny i eneir lami ne 


10U 


OA 


ICQ 
19.7 


56 


CMC/di ethyl enetri ami ne 


170 


30 


14.0 


57* 


CMC/sodium hydroxide 


80 


30 


6.1 


58* 


CMC/sodium hydroxide 


110 


30 


6.0 


59* 


CMC/sodium hydroxide 


120 


30 


5.6 


60* 


CMC/sodium hydroxide 


130 


30 


6.0 


61* 


CMC/sodium hydroxide 


140 


30 


5.9 


62* 


CMC/sodium hydroxide 


150 


30 


5.3 


63* 


CMC/sodium hydroxide 


160 


30 


5.4 


64* 


CMC/sodium hydroxide 


180 


30 


4.3 



*Not an example of the present invention. 



As can be seen from reference to Table 2, the carboxymethyl 
30 cellulose without a crosslinking agent, under basic conditions, 
exhibits no improvement in initial Absorbency Under Load values 
through the heat-treating step. In contrast, the carboxymethyl 
cellulose containing the basic crossl inker, diethylene triamine, is 
seen to exhibit an improvement in initial AUL value as a result of 
35 the heat-treating step. This is believed to indicate that a self- 
crosslinking of the carboxymethyl cellulose does not readily occur at 
relatively basic pH. 

Example 3 

40 Sample Nos. 65-71 are prepared by forming an aqueous solution 

containing 2 weight percent of carboxymethyl cellulose (CMC-7HCF). 
To the aqueous solution is added an amount of sodium hydroxide 
sufficient to bring the pH of the solution to 9. No crosslinking 
agent is present 1n the solution. The carboxymethyl cellulose is 

45 then, according to the method of Example 1, recovered, comminuted, 
heat-treated at 150 # C for various times, and tested for Absorbency 
Under Load. 
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Sample Nos. 72-77 are prepared by forming an aqueous solution 
comprising 2 weight percent carboxymethyl cellulose (CHC-7HCF). To 
the solution Is then added 0.5 weight percent chitosan glutamate 1n 
the manner set forth 1n Example 1. The solution is found to have a 
pH of about 7.4. The carboxymethyl cellulose is then, according to 
the method of Example 1, recovered, comminuted, heat-treated at 150*C 
for various times and tested for initial Absorbency Under Load. 

Sample Nos. 78-103 are prepared in the same manner as 
Sample Nos. 72-77, except sodium hydroxide is added to the aqueous 
solution containing carboxymethyl cellulose and chitosan glutamate 
prior to recovery. The amount of sodium hydroxide added 1s 
sufficient to bring the pH of the solution to 9.2, 10.1, or 10.9. 
The carboxymethyl cellulose 1s then, according to the method of 
Example 1, recovered, comminuted, heat-treated at 150*C for various 
times and tested for initial Absorbency Under Load. 

The results of this testing (sample nos. 65-103) are set forth 
in Table 3. 
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TABLE 3 

Initial 

Sample Crossl Inking Treatment Treatment AUL 

Value 

No. Agent pH Temp ('C) Time (min) (g/g) 



65* None 9.0 

66* None 9.0 

67* None 9.0 

68* None 9.0 

69* None 9.0 

70* None 9.0 

71* None 9.0 

72* Chltosan glutamate 7.4 

73 Chitosan glutamate 7.4 

74 Chltosan glutamate 7.4 

75 Chitosan glutamate 7.4 

76 Chltosan glutamate 7.4 

77 Chitosan glutamate 7.4 

78* Chitosan glutamate 9.2 

79 Chitosan glutamate 9.2 

80 Chitosan glutamate 9.2 

81 Chitosan glutamate 9.2 

82 Chitosan glutamate 9.2 

83 Chitosan glutamate 9.2 

84 Chitosan glutamate 9.2 

85 Chitosan glutamate 9.2 

86 Chitosan glutamate 9.2 

87 Chitosan glutamate 9.2 

88 Chitosan glutamate 9.2 

89* Chitosan glutamate 10.1 

90 Chitosan glutamate 10.1 

91 Chitosan glutamate 10.1 

92 Chitosan glutamate 10.1 

93 Chitosan glutamate 10.1 

94 Chitosan glutamate 10.1 

95 Chitosan glutamate 10.1 

96 Chitosan glutamate 10.1 

97* Chitosan glutamate 10.9 

98 Chitosan glutamate 10.9 

99 Chitosan glutamate 10.9 

100 Chitosan glutamate 10.9 

101 Chitosan glutamate 10.9 

102 Chltosan glutamate 10.9 

103 Chitosan glutamate 10.9 





-- 


4.9 


150 


30 


6.9 


150 


50 


6.9 


150 


80 


6.6 


150 


110 


6.5 


150 


150 


6.6 


150 


180 


6.4 






4.8 


150 


15 


11.1 


150 


22 


19.6 


150 


30 


99 A 


150 


45 


20.2 


150 


60 


17.8 


-- 


-- 


4.9 


150 


15 


7.3 


150 


30 


10.6 


150 


45 


19.5 


150 


60 


23.5 


150 


70 


OA 1 


150 


80 


23.2 


150 


120 


25.0 


150 


150 


26.5 


150 


180 


27.4 


150 


240 


21.6 






4.9 


150 


30 


7.1 


150 


60 


8.3 


150 


120 


16.1 


150 


150 


19.3 


150 


180 


21.3 


150 


210 


20.5 


150 


240 


23.0 






4.9 


150 


60 


7.2 


150 


110 


9.6 


150 


120 


12.3 


150 


150 


13.8 


150 


180 


15.8 


150 


240 


19.4 



♦Not an example of the present invention. 
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As can be seen from reference to and Table 3, basic 
carboxymethyl cellulose containing no crosslinking agent (Sample 
Nos. 65-71) exhibits no significant Improvement in initial Absorbency 
Under Load values as a result of heat-treatment. In contrast, Sample 
5 Nos. 72-103 show improvements in initial AUL values. It is seen 
that, at a lower pH, the heat-treatment time required to optimize 
initial AUL values 1s shorter than at a higher pH. 

Example No. 4 

10 A carboxymethyl cellulose commercially available from Aqualon 

Company under the trade designation AQUALON™ Cellulose Gum CMC-7L 1s 
provided. This carboxymethyl cellulose has a relatively low 
molecular weight exhibiting a viscosity in a 2 percent aqueous 
solution at 25*C of about 25-50 centipoise. Sample No. 104 

15 (comparative) is prepared by forming an aqueous solution containing 
2 weight percent of the carboxymethyl cellulose (CMC-7L). The 
carboxymethyl cellulose is recovered and dried as described 1n 
Example 1. The material is found to have an initial Absorbency Under 
Load value of 2.1. Sample No. 105 (comparative) is prepared In the 

20 same manner as Sample No. 104 with the exception that, after 

recovery, the material 1s comminuted and heat-treated at 170*C for 
150 minutes. The resultant material is found to have an Initial 
Absorbency Under Load value of 8.6. Neither material contains a 
crosslinking agent. 

25 Sample No. 106 is prepared by forming an aqueous solution 

containing 2 weight percent of the carboxymethyl cellulose (CMC-7L). 
To the aqueous solution is added 1 weight percent chitosan glutamate 
in the manner set forth 1n Example 1. The carboxymethyl cellulose Is 
then recovered and comminuted as set forth 1n Example 1. The 

30 resultant material is then heat-treated at 170*C for two hours. The 
resulting material is found to have an initial Absorbency Under Load 
value of about 14.7. 

From the above, it Is seen that the presence of the chitosan 
glutamate crosslinking agent greatly improves the Initial Absorbency 

35 Under Load value of low molecular weight carboxymethyl cellulose 

compared to nonheat-treated materials and heat-treated materials not 
containing a crosslinking agent. 
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Example No. 5 

To determine the aging characteristics of absorbent material 
according to the present invention and comparative absorbent 
material, the following samples are provided: 

Sample No. 107 is prepared similarly to Sample No. 2. 

Sample No. 108 is prepared similarly to Sample Nos. 25-28, 
except the material 1s heated at 150*C for 70 minutes. 

Sample No. 109 is prepared similarly to Sample No. 42. A 
different initial AUL value 1s obtained. 

Sample No. 110 1s prepared similarly to Sample No. 24, except 
the material is heated for 20 minutes. 

Sample No. Ill is prepared according to the method of Example 1 
employing ethylene glycol as the crossl inking agent. The material Is 
heat-treated at 170*C for 30 minutes. 

Sample Nos. 107-111 were placed in a temperature and humidity 
controlled environment. The temperature was maintained at 24*C and 
the humidity was maintained at 30 percent relative humidity. The 
samples were tested for AUL value at various points throughout the 
60-day aging study. The results are set forth in Table 4. The 
reported "AUL retention" 1s the 60-day AUL reported as a percentage 
of day 0 (initial) AUL. That is, 60-day AUL divided by 0 day AUL. 



TABLE 4 
AUL Value (g/g) 



Sampl e 
No. 


0 

days 


4 

days 


8 

days 


12 
days 


26 

days 


50 

days 


60 

days 


AUL 
Retention 


107* 


22.3 


17.0 


14.2 


17.7 


12.1 


7.6 


7.7 


34.5 


108 


25.9 


20.9 


22.5 


22.4 


20.9 


20.9 


21.5 


83.1 


109 


24.5 


22.7 


21.8 


21.8 


19.3 


18.1 


18.8 


76.7 


110 


21.8 


20.4 


20.9 


19.7 


17.0 


15.1 


16.2 


74.3 


111 


21.5 


20.1 


17.9 


18.5 


16.3 


16.1 


15.8 


73.5 



*Not an example of the present Invention 

As can be seen from reference to Table 4, while heat- treatment 
alone can, in the absence of a crossl Inking agent, provide an 
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acceptable Initial AUL, the 60-day AUL retention is only 34.5 percent 
(Sample No. 107). The presence of a crossllnking agent according to 
the present invention provides an improved 60-day AUL retention 
(Sample Nos. 108-111). 

S 

Example 6 

The use of polyvalent metal ions is evaluated for use as 
crossllnking agents. A carboxymethyl cellulose is dissolved 1n 
distilled water to form solutions containing 2 weight percent 

10 carboxymethyl cellulose based on total solution weight. A metal ion 
crossllnking agent is dissolved in water to form a solution. The 
aqueous solution containing the metal ion crossllnking agent is then 
added to individual aqueous solutions containing the carboxymethyl 
cellulose to provide various concentrations of crossllnking agent 

15 based on total weight of the carboxymethyl cellulose present in the 
aqueous solution. The resulting mixtures containing water, 
carboxymethyl cellulose, and crossllnking agent are then thoroughly 
mixed. The carboxymethyl cellulose 1s recovered from the solution by 
evaporative drying at between about 30*C and about 50*C. After 

20 drying, the recovered carboxymethyl cellulose is ground and screened 
into 300 to 600 micrometer granules. The granules are then heat- 
treated at various times and temperatures in an oven. Various 
combinations of carboxymethyl cellulose, metal ion crossl inking 
agent, concentration of crossllnking agent, heat-treatment 

25 temperature and heat-treatment time are made. The Initial Absorbency 
Under Load values, as well as the aging characteristics, of the 
various carboxymethyl celluloses so prepared are measured. For the 
aging characteristics testing, ambient conditions of about 23*C and 
between about 30 to about 60 percent relative humidity are used. The 

30 exact combination of carboxymethyl cellulose and crossl inking agent 
and Its AUL value are set forth in Table 5. Similarly, control 
samples of the carboxymethyl cellulose are tested for AUL values. 
These results are also set forth in Table 5. 
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Sample No. 126 Is prepared similarly to Sample No. 114 and 
placed in a temperature and humidity controlled environment. The 
temperature 1s maintained at about 23*C and the humidity 1s 
maintained at about 100 percent relative humidity. The samples are 
tested for AUL value at various points throughout an aging study. 
The results are set forth in Table 6. 

TABLE 6 

AUL Value (g/g) 



Sample 0 10 20 30 40 
No. days days days days days 

126 19.0 15.6 16.6 16.4 15.3 



Carboxymethyl cellulose (Aqualon CMC-7H4F) is dissolved 1n 
distilled water to give 2 weight percent solutions and mixed using a 
commercial Hobart mixer run at low to medium speed. Various amounts 
of ammonium zirconium carbonate (AZC) is added to the solutions. The 
solutions are dried at 50*C overnight in a convection oven. After 
grinding and sieving, the samples are tested for AUL values wherein 
the post heat-treatment time is 0 minutes. A post heat-treatment 
(curing), at a temperature of 110*C for various lengths of time, 1s 
used to additionally crosslink the samples. The samples are again 
tested for AUL values. The results are set forth in Table 7. 
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Carboxymethyl cellulose (Aqualon CMC-7H4F) is dissolved 1n 
distilled water to give 2 weight percent solutions and mixed using a 
commercial Hobart mixer run at low to medium speed. For 
Samples 133-141, 3 weight percent ammonium zirconium carbonate, based 
5 on the weight of carboxymethyl cellulose, 1s added to the solutions. 
For Sample 142, 1 weight percent ammonium zirconium carbonate, based 
on the weight of carboxymethyl cellulose, is added to the solution. 
Sample 133 is dried at 50 # C for two days 1n a convection oven. 
Samples 134-135 are dried at 50 # C for four days in a convection oven. 

10 Samples 136-141 are dried at 80 # C for four days in a convection oven. 
Sample 142 is dried at 80*C for two days in a convection oven and 
then post heat-treated for 20 minutes at 80 # C. After grinding and 
sieving, the samples are placed in a temperature and humidity 
controlled environment. The temperature is maintained at about 23 # C 

15 and the humidity is maintained at about 100 percent relative 

humidity. The samples are tested for AUL values at various points 
throughout an aging study. The results are set forth in Table 8. 

TABLE 8 

20 AUL Value (g/g) 



Sample 0 days 9 days 10 days 11 days 13 days 20 days 22 days 



25 


133 


19.9 






16.7 




17.6 






134 


20.8 








18.2 




19.9 


30 


135 


15.6 








17.7 




18.5 




136 


21.0 




20.3 






19.9 






137 


20.8 




19,8 






19.7 




35 


















138 


21.4 








18.5 




16.8 




139 


19.7 








18.1 




19.3 


40 


140 


18.4 








18.4 




19.1 




141 


18.4 








18.3 




19.4 


45 


142 


20.1 


16.8 








17.1 
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Carboxymethyl cellulose [prepared from a cellulose pulp prepared 
using a Kraft process from a northern hardwood, wherein sodium 
hydroxide is used in a caustic treatment after bleaching; and wherein 
the cellulose pulp exhibits a viscosity of about 43 centipoise and a 
5 degree of polymerization (number average) of about 2023; and wherein 
the carboxymethyl cellulose has a degree of substitution in the range 
of from about 0.7 to about 0.9] is dissolved in distilled water to 
give 2 weight percent solutions and mixed using a commercial Hobart 
mixer run at low to medium speed. Ferric chloride (0.6 weight 

10 percent, based on weight of the CMC) is added to the solutions. The 
solutions are dried at 80 # C overnight in a convection oven. After 
grinding and sieving, the samples are tested for AUL values. A post 
heat-treatment, at a temperature of 140 # C for various lengths of 
time, is used to additionally crosslink the samples. The samples are 

15 again tested for AUL values. The results are set forth in Table 9. 

TABLE 9 
AUL Value (g/g) 



0 5 10 20 25 30 40 50 

Sample No. Mins. Hins. Mins. Mins. Mins. Mins. Mins. Mins. 

25 " " 

143 10.6 12.4 19.9 21.5 23.1 20.2 18.9 17.4 



Sample No. 144 represents the material from Table 9 wherein the 
30 CMC is post heat-treated at a temperature of 140 # C for 25 minutes. 
Sample No. 145 represents the material from Table 9 wherein the CMC 
is post heat-treated at a temperature of 140*C for 30 minutes. These 
samples are placed in a temperature and humidity controlled 
environment. The temperature is maintained at about 23 'C and the 
35 humidity is maintained at about 100 percent relative humidity. The 
samples are tested for AUL value at various points throughout a 
20-day aging study. The results are set forth in Table 10. 
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TABLE 10 



AUL Value (g/g) 



Sample 
No. 



0 

days 



10 
days 



20 
days 



AUL 
Retention 



144 
145 



23.1 
20.2 



19.7 
20.5 



17.3 
19.8 



75% 
98% 



Carboxyraethyl cellulose is dissolved in distilled water to give 
2 weight percent solutions and mixed using a commercial Hobart mixer 
run at low to medium speed. Samples 146 and 148 use Aqualon CMC-7H4F 
for the carboxymethyl cellulose. Sample 147 uses a carboxymethyl 
cellulose similar to the carboxymethyl cellulose prepared for further 
treatment to prepare the sample used in Table 9. Various amounts of 
trivalent cerium sulfate salt is added to the solutions. The 
solutions are dried at 80*C overnight 1n a convection oven. After 
grinding and sieving, the samples are tested for AUL values. A post 
heat -treatment, at a temperature of 140'C for various lengths of 
time, 1s used to additionally crosslink the samples. The samples are 
again tested for AUL values. The results are set forth in Table 11. 
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Sample No. 149 represents the material from Table 11 with a 
CMC/Ce 2 (S0 4 ) 3 weight ratio of 100 to 1 wherein the CMC is post heat- 
treated at a temperature of 140*C for 60 minutes. This sample 1s 
placed in a controlled environment at ambient conditions of about 
5 23'C and about 30 to about 60 percent relative humidity. The sample 
is tested for AUL value at various points throughout an 11-month 
aging study. The results are set forth 1n Table 12. 

TABLE 12 

10 

AUL Value (g/g) 



Sample 0 3 11 

No. days months months 



149 21.7 22.0 18.5 
20 — ^_ 

Sample No. 150 represents a carboxymethyl cellulose, Aqualon 
CMC-7H4F, with no crossl inking agent added. Sample No. 151 
represents the material from Table 11 wherein the weight ratio of 

25 CMC/Ce 2 (S0 4 ) 3 is 100/1 and wherein the CMC 1s post heat-treated at a 
temperature of 140*C for 50 minutes. Sample No. 152 represents the 
material from Table 11 wherein the weight ratio of CMC/Ce 2 (S0 4 ) 3 is 
100/1 and wherein the CMC 1s post heat-treated at a temperature of 
140*C for 100 minutes. These samples are placed in a temperature and 

30 humidity controlled environment. The temperature Is maintained at 
about 23*C and the humidity is maintained at about 100 percent 
relative humidity. The samples are tested for AUL value at various 
points throughout an aging study. The results are set forth 1n 
Table 13. 

35 
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TABLE 13 



AUL Value (g/g) 



Sample 



0 

days 



10 
days 



11 

days 



150* 

151 

152 



20.9 
22.3 
17.3 



11.1 
16.9 



♦Not an example of the present Invention 



Sample 7 

Carboxymethyl cellulose (Aqualon CMC-7H4F) Is dissolved in 
distilled water to give 3 weight percent solutions and mixed using a 
commercial Waring blender run at low speed. Various amounts of 
acids, based on the weight of CMC used, are added to the solutions. 
The solutions are spread out in teflon-coated trays and dried at 75*C 
overnight in a convection oven. After grinding and sieving, the 
samples are tested for AUL values. The results are set forth in 
Table 14. 
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TABLE 14 
Initial 





Sample 


Additive 


Wt. X 


Hole% AUL (g/g) 


5 


153* 


none 


0 


0 


8.4 




154 


glycol 1c acid 


1 


2.87 


8.3 




155 


glycol ic acid 


2.5 


7.16 


19.0 




156 


glycol ic acid 


5.0 


14.32 


14.2 




157 


acetic acid 


1.97 


7.16 


10.7 


10 


158 


acetic acid 


3.94 


14.32 


16.7 




159 


acetic acid 


5.91 


21.48 


17.0 




160 


monochloroacetic acid 


0.6 


1.38 


19.7 




161 


monochloroacetic acid 


1.2 


2.76 


15.1 




162 


monochloroacetic acid 


3.1 


7.16 


8.7 


15 


163 


sodium chloroarptata 

*v« 1 Mill WIIIVI VdWbBtC 


n r 

V. 9 


0.93 


15.1 




164 


sodium chloroacetate 


1.0 


1.87 


15.4 




165 


sodium chloroacetate 


2.0 


3.74 


11.4 




166 


HC1 


0.48 


2.87 


8.8 




167 


HC1 


0.96 


5.74 


14.6 


20 


168 


HC1 


1.34 


8.61 


17.5 




169 


HC1 


2.4 


14.32 


10.4 



* Not an example of the present invention 

25 

Additional samples, using monochloroacetic acid (NCAA) as a 
crossl inking additive, are prepared using a similar process used to 
prepare the samples set forth 1n Table 14. These samples are placed 
in a temperature and humidity controlled environment. For 

30 Samples 170 and 171, the temperature Is maintained at about 23*C and 
the humidity is maintained at about 100 percent relative humidity. 
For Samples 172 and 173, the temperature Is maintained at about 110°F 
(about 43*C) and the humidity is maintained at about 80 percent 
relative humidity. For Samples 174 and 175, the temperature Is 

35 maintained at about 23*C and the humidity is maintained at ambient 
conditions, between about 30 to about 60 percent relative humidity. 
The samples are tested for AUL value, at 0.3 psl, at various points 
throughout an aging study. The results are set forth in Table 15. 
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TABLE 15 



AUL Value (g/g) 



Sample wt. ratio 
No. MCAA/CHC 



0 

days 



7 

days 



14 33 60 108 
days days days days 



170 
171 
172 
173 
174 
175 



0.6/100 
1.2/100 
0.6/100 
1.2/100 
0.6/100 
1.2/100 



18.8 
13.6 
18.8 
13.6 
18.8 
13.6 



13.3 



16.9 



16.75 
14.63 



14.0 9.25 

14.19 -- 

16.0 15.6 

10.5 9.1 



17.0 
11.4 



Various amounts of acetic acid are added to water to achieve a 
desired pH. Carboxymethyl cellulose (Aqualon CMC-7H4F) 1s dissolved 
in the acidified water to give 3 weight percent CMC solutions and 
mixed using a commercial Waring blender run at low speed. After the 
CMC is completely dissolved in the acidified water, the pH of the 
mixture is measured. This pH value is reported in Table 16. The 
solutions are spread out in teflon-coated trays, dried at 40*C 
overnight in a convection oven, and then ground and sieved. A post 
heat-treatment, at various temperatures and for various lengths of 
time, is used to additionally crosslink the samples. These samples 
are placed in a temperature and humidity controlled environment. For 
Samples 176-180, Aqualon CMC-7H4F is used for the carboxymethyl - 
cellulose, the heat-treatment conditions used are 140'C for 
90 minutes, and the aging conditions used are that the temperature is 
maintained at about 23*C and the humidity is maintained at ambient 
conditions, between about 30 to about 60 percent relative humidity. 
For Samples 181-182, Aqualon CMC-7HCF is used for the 
carboxymethyl cellulose, the heat-treatment conditions used are 100 # C 
for 120 minutes for Sample 181 and 150'C for 35 minutes for Sample 
182, and the aging conditions used are that the temperature is 
maintained at about 23*C and the humidity 1s maintained at ambient 
conditions, between about 30 to about 60 percent relative humidity. 
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TABLE 16 

AUL Value (g/g) 



10 



15 



Sample 
No. 


PH 


0 

days 


15 

days 


30 

days 


45 

days 


60 

days 


90 

days 


120 
days 


150 

days 


240 
days 


176 


6.8 


14.2 




14.2 


14.4 


14.4 






16.4 




177 


6.9 


16.1 




16.3 


16.5 


17.1 






18.1 




178 


7.2 


18.1 




17.9 


18.1 


17.3 






16.1 




179 


7.4 


19.7 




19.4 


19.0 


18.2 






15.6 




180 


7.6 


21.3 




19.0 


18.9 


17.4 






9.5 




181 


6.0 


22.1 




21.3 




19.8 


19.0 


16.8 




15.7 


182 


7.6 


22.3 


16.5 


11.8 


7.6 


7.7 


6.8 









20 



Example 8 

Carboxymethyl cellulose (Aqualon CMC-7H4F) Is dissolved 1n 
distilled water to give 2 weight percent solutions and mixed using a 
commercial Hobart mixer run at low to medium speed. Various amounts 

25 of an amino acid, aspartic add (AA), 1s added to the solutions. The 
solutions are dried at 80*C overnight 1n a convection oven. After 
grinding and sieving, the samples are tested for AUL values at 
0.3 psl. A post heat-treatment, at a temperature of 140 # C for 
various lengths of time, 1s used to additionally crosslink the 

30 samples. The samples are again tested for AUL values at about 
0.3 ps1. The results are set forth in Table 17. 
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TABLE 17 

AUL (g/g) at various curing tiroes 



Sample 


Weight Ratio 


0 


5 


10 


15 


20 


25 


30 


AA:CNC 


min. 


min. 


min. 


min. 


min. 


min. 


min. 


183* 


0:100 


7.6 




24.0 




24.7 




24.6 


184 


0.5:100 


9.84 


8.34 


14.21 


18.89 


19.11 


18.10 


18.44 


185 


1:100 


8.40 


13.30 


20.2 


17.73 


15.58 


14.58 


14.05 


186 


1.5:100 


9.36 


12.47 


16.28 


16.39 


16.23 


15.29 


13.53 


187 


2.5:100 


18.21 


13.09 


9.54 






m * 





15 *Not an example of the present invention. 

Sample No. 188 represents the material from Table 17 wherein the 
weight ratio of aspartic acid/CMC 1s 2.5/100 and wherein the CMC 1s 
post heat-treated at a temperature of 110'C for various lengths of 
20 time. The samples are tested for AUL value, at 0.3 psl, after the 
heat-treatment. The results are set forth in Table 18. 

TABLE 18 

AUL (g/g) at various curing times 

25 

Sample 0 min. 5 min. 10 min. 15 min. 20 min. 25 m1n. 30 min. 
30 188 18.21 18.09 18.43 18.15 17.90 16.84 16.22 

Sample No. 189 represents the material from Table 18 wherein the 
35 CMC Is post heat-treated at a temperature of 110*C for 10 minutes. 
Sample No. 190 represents the material from Table 18 wherein the CMC 
is post heat-treated at a temperature of 110*C for 15 minutes. 
Sample No. 191 represents the material from Table 18 wherein the CMC 
is post heat-treated at a temperature of 110'C for 20 minutes. 
40 Sample No. 192 represents a control material wherein no aspartic add 
is added to the CMC and wherein the CMC Is post heat-treated at a 
temperature of 140* C for 30 minutes. These samples are placed 1n a 
temperature and humidity controlled environment. The temperature Is 
maintained at about 23*C and the humidity 1s maintained at about 100 
45 percent relative humidity. The samples are tested for AUL value, at 
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0.3 psi, at various points throughout an aging study. The results 
are set forth in Table 19. 



TABLE. 19 
AUL Value (g/g) 



Sample 
No. 


0 

days 


5 

days 


12 
days 


189 


18.43 




15.51 


190 


18.15 




16.20 


191 


17.90 




15.21 


192* 


24.4 


12.0 





*Not an example of the present invention. 



Example 9 

Carboxymethyl cellulose (Aqualon CHC-7H4F) is dissolved in 
distilled water to give 2 weight percent solutions and mixed using a 
stainless steel mixer with agitator. Various amounts of citric acid 
(CA), as a crosslinking agent, and sodium hypophosphlte (SHP), as a 
crossl inking catalyst, are added to the solutions. The solutions are 
mixed well at 25*C, poured into teflon-lined trays, and dried at 95'C 
for 16 hours in a convection oven. After grinding and sieving to a 
300 to 600 micron size fraction, the samples are tested for AUL 
values at 0.3 psi. The results are set forth in Table 20. 
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TABLE 20 

Sample No. CA:SHP:CMC wt. ratio AUL g/g 
5 ; 



103* 


ft • ft • 1 ftft 

o:o: loo 


6.9 


1 OA 


ft O . ft lC.t Art 

0.3:0.15:100 


18*5 


195 


0 5*0 25-100 


10, 1 


196 


0.6:0.30:100 


21.3 


197 


0.7:0.35:100 


17.5 


198 


0:8:0.40:100 


14.6 


199 


1.0:0.50:100 


13.6 


200 


1.5:0.75:100 


12.3 


201 


0.3:0:100 


21.1 


202 


0.6:0:100 


18.3 


203 


1.0:0:100 


16.7 



20 *Not an example of the present invention. 



Samples 196, 197, and 199 are also placed In a temperature and 
humidity controlled environment. The temperature is maintained at 
25 about 25'C and the humidity is maintained at about 100 percent 

relative humidity. The samples are tested for AUL value, at 0.3 ps1, 
at various points throughout an aging study. The results are set 
forth 1n Table 21. 

30 TABLE 21 



AUL Value (g/g) 



35 


Sample 


0 


12 


20 


No. 


days 


days 


days 




196 


21.3 


18.6 


18.7 




197 


17.5 


20.1 


19.6 


40 


199 


13.6 


15.5 


18.6 
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Example 10 

A general slurry process synthetic scheme is used to prepare 
samples of carboxymethyl cellulose from cellulose and is generally 
described as follows: 15 grams of cellulose is immersed in 
400 milliliters of isopropanol in a reaction kettle equipped with a 
mechanical stirrer, an inert gas inlet, and a temperature control 
probe. Thirty-five milliliters of water (containing the desired . 
amount of alkali) is then added. The slurry is stirred for half an 
hour at room temperature (about 23'C) before adding the appropriate 
amount of chloroacetic acid (CAA). The reaction is carried out for 
three hours at 60*C. The slurry is then filtered, the product washed 
twice with a 70:30 volume- percent mixture (400 ml) of methanol and 
water, washed once with 400 ml of methanol, and allowed to dry. The 
recovered carboxymethyl cellulose is then dispersed in water, dried 
at 30*C, and ground into granules. The particle size fraction 
between 300 and 600 microns is collected for absorbency testing. The 
degree of substitution (D.S.) of the carboxymethyl cellulose products 
is measured by VNMR spectroscopy. The morphological features of 
dispersions of the carboxymethyl cellulose products 1s observed by 
cross-polarized optical microscopy and X-ray diffraction. The AUL 
tests are performed at 0.3 psi. The aging tests are accomplished by 
placing the granular samples Into a chamber saturated with water 
vapor (100 percent relative humidity) at room temperature (about 
24*C). At certain intervals of aging time, the samples are taken out 
of the chamber and dried 1n ambient conditions for two days before 
doing the absorbency tests. The unused samples are replaced in the 
chamber for continued aging. 

For the following samples, various cellulose pulps or 
carboxymethyl celluloses are used, as is indicated 1n Table 22-24. 
Aqualon's Cellulose Gum CMC-7H4F is indicated by the designation 
CMC-7H4F. A cellulose pulp commercially available from ITT Rayonier 
Corp. under the trade designation Porosan1er-J, is a southern pine 
wood pulp having an intrinsic viscosity of about 8.4 declliters/g and 
having an alpha cellulose content of about 98.7 percent, is indicated 
by the designation ITT. A cellulose pulp commercially available from 
Southern Cellulose Products, Inc. under the trade designation Grade 
1050, is a cotton 1 inters pulp having an alpha cellulose content of 
about 99.2 percent, is indicated by the designation SC. A cellulose 
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pulp prepared using a Kraft process without cold caustic treatment 
after bleaching, having a viscosity of about 15.3 centipoise and an 
alpha cellulose content of about 94.6 percent, 1s Indicated by the 
designation CM8. A cellulose pulp prepared using a Kraft process 
5 from a southern softwood chips, wherein sodium hydroxide 1s used for 
a cold caustic treatment after bleaching, having a viscosity of about 
19.8 centipolse and a degree of polymerization (number average) of 
about 1477 Is Indicated by the designation CRI10. A cellulose pulp 
prepared using a Kraft process from a southern softwood, wherein 
10 sodium hydroxide 1s used for a cold caustic treatment after 

bleaching, having a viscosity of about 16.6 centipolse and a degree 
of polymerization (number average) of about 1368 is Indicated by the 
designation CR#11. A cellulose pulp prepared using a Kraft process 
from aspen chips without cold caustic treatment after bleaching, 
15 having a viscosity of about 41.2 centipolse and a degree of 

polymerization (number average) of about 1997 Is Indicated by the 
designation CR#18. The cellulose pulp used to prepare Sample 143 1n 
Table 9 is indicated by the designation CR#21. 

For comparison, water-soluble carboxymethyl cellulose samples 
20 are synthesized. Table 22 provides the reaction conditions and the 
absorbency values of the prepared samples. The samples are all 
soluble 1n the testing saline solution and the AUL values are for 
samples aged at ambient temperature (about 24'C) and at about 
100 percent relative humidity. 

25 

TABLE 22 



NaOH:CAA CAA:Cellulose 

Sample Cellulose Molar Ratio Molar Ratio OS 0 days 12 days 20 days 



204* 


CMC-7H4F 






0.7-0.8 


7.3 


7.1 


6.5 


205* 


CRfll 


2.2:1 


0.75:1 


0.78 


7.1 


7.4 


8.9 


206* 


in 


2.0:1 


1.0:1 


0.96 


6.6 


8.6 


8.8 


207* 


in 


2.2:1 


1.0:1 


1.0 


8.8 


7.6 


7.1 



35 



♦Not examples of the present Invention 

40 
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Samples are prepared using potassium hydroxide (KOH) as the 
alkali. Table 23 provides the reaction conditions and the 
absorbency values of the prepared samples. The samples are all 
translucent or fibrous when dispersed in water. 

5 

TABLE 23 



Sample 


Cellulose 


K0H:CAA 
Molar Ratio 


CAA:Ce11u1ose 
Molar Ratio 


DS 


AUL (g/g) 
0 days 12 days 20 days 


208 


CRI8 


2.0:1 


2.0:1 


0.92 


14. S 




209 


CRI10 


2.0:1 


1.0:1 


0.76 


14.3 




210 


CR#10 


2.0:1 


1.5:1 


1.13 


14.0 




211 


ITT 


2.2:1 


0.75:1 




13.3 


14.4 14.9 


212 


in 


2.2:1 


1.0:1 




17.3 


16.9 18.4 



20 As can be seen, for example, by comparing Samples 207 and 212, 

the use of potassium hydroxide as compared to using sodium hydroxide 
results 1n a carboxymethyl cellulose that exhibits both a high 
Initial Absorbency Under Load value and exhibits aging stability. 
Sample No. 213 and 214 are prepared using a less than 

25 stoichiometric amount of alkali, as Indicated by the molar ratio of 
alkali to chloroacetic add used being less than 2:1. Sample No. 215 
to 222 are prepared using less modifying agent, as indicated by the 
molar ratio of chloroacetic add to cellulose used being less 
than 1:1. 

30 Table 24 provides the reaction conditions and the absorbency 

values of the prepared samples* 
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TABLE 24 



Sample 


Cellulose 


NaOH:CAA 
Molar Ratio 


CAA: Cellulose 
Molar Ratio 


DS 


AUL (a/a) 

run. V3/ 3/ 

0 days 12 days 20 days 


213 


in 


1.8:1 


0.75:1 


0.65 


12.6 


214 


in 


1.8:1 


1.00:1 


0.84 


17.2 


215 


in 


2:1 


0.75:1 


0.76 


17.1 


216 


in 


2.2:1 


0.60:1 




17.2 


217 


in 


2.5:1 


0.50:1 




16.2 


218 


sc 


2.2:1 


0.60:1 




16.1 


219 


sc 


2.2:1 


0.40:1 




11.8 


220 


CR<21 


2.2:1 


0.50:1 




19.2 18.7 18.9 


221 


CR#21 


2.2:1 


0.40:1 




13.7 


222 


CR#18 


2.2:1 


0.50:1 




17.0 



Samples 208 and 214-217 are also placed In a temperature and 
20 humidity controlled environment. The temperature Is maintained at 
about 23*C and the humidity 1s maintained at about 100 percent 
relative humidity. The samples are tested for AUL value, at 0.3 ps1, 
at various points throughout, an aging study. The results are set 
forth in Table 25. 

25 

TABLE 25 
AUL Value (g/g) 



Sample 


0 


12 


40 


52 


77 


No. 


days 


days 


days 


days 


days 


208 


14.5 


14.5 


15.1 


14.8 


14.8 


214 


17.2 


14.6 


14.3 






215 


17.1 


15.0 


17.4 






216 


17.2 


15.8 


16.6 






217 


16.2 


14.8 


15.6 







40 Example 11 

Carboxymethyl cellulose (Aqualon CMC-7H4F) is dissolved In 
distilled water to give 2 weight percent solutions and mixed using a 
commercial Hobart mixer run at low to medium speed. The solutions 



- 58 - 



WO 95/11925 



PCT/OS94/12375 



are dried at 80*C overnight in a convection oven and ground and 
sieved. A post heat -treatment, at a temperature of 226*C for various 
lengths of time, Is used to crosslink the samples. These samples are 
placed in a temperature and humidity controlled environment. For 
Samples 223-228, the temperature is maintained at about 37.8'C and 
the humidity is maintained at about 80 percent relative humidity. 
For Samples 229-234, the temperature 1s maintained at about 25*C and 
the humidity Is maintained at about 100 percent relative humidity. 
The samples are tested for AUL value, at about 0.3 psl, at various 
points throughout an aging study. The results are set forth in 
Table 26. 
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TABLE 26 

AUL Value (g/g) 



Sample # 


Heat-Treatment Time (sec) 


0 days 


10 davs 


90 Have 


223 


40 


22.9 


12.8 


9.57 


224 


50 


22.6 


19.8 


11.5 


225 


60 


23.6 


19.7 


18.4 


226 


70 


18.4 


22.3 


22.1 


227 


80 


17.2 


23.5 


21.7 


228 


90 


15 1 


20 3 


21 9 


229 


40 


22.9 


12.8 


10.9 


230 


50 


22.6 


16.8 


11.1 


231 


60 


23.6 


20.7 


12.8 


232 


70 


18.4 


22.2 


20.7 


233 


80 


17.2 


24.1 


21.6 


234 


90 


15.1 


22.2 


22.1 



While the present invention has been described 1n terms of the 
specific embodiments described above, numerous equivalent changes and 
modifications will be clear to those skilled in the art. 
Accordingly, the specific examples set forth above are not intended 
to limit, in any manner, the scope of the invention as set forth in 
the appended claims. 
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What is claimed is: 

1. A method for producing a water- swell able, water- Insoluble 
carboxyalkyl polysaccharide, the method comprising the following 
steps: 

forming a mixture comprising a water-soluble carboxyalkyl 
5 polysaccharide, water, and a crossl inking agent; 

recovering said carboxyalkyl polysaccharide from said mixture; 

and 

heat-treating said recovered carboxyalkyl polysaccharide at a 
temperature above about 50'C for a time effective to crosslink said 

10 carboxyalkyl polysaccharide to render said carboxyalkyl 

polysaccharide water swellable and water insoluble, wherein the 
water- swell able, water- insoluble carboxyalkyl polysaccharide exhibits 
an initial Absorbency Under Load value of at least about 14 and 
retains at least about 50 percent of the Initial Absorbency Under 

15 Load value after aging for about 60 days at about 24'C and at least 
about 30 percent relative humidity. 

2. The method according to claim 1 wherein the carboxyalkyl 
polysaccharide Is prepared from a polysaccharide selected from the 
group consisting of cellulose, starch, guar, carrageenan, agar, 
gellan gum, chltln, chltosan, and mixtures thereof. 

3. The method according to claim 1 wherein the carboxyalkyl 
polysaccharide is a carboxyalkyl cellulose. 

4. The method according to claim 1 wherein the carboxyalkyl 
polysaccharide Is a carboxymethyl polysaccharide. 

5. The method according to claim 4 wherein the carboxymethyl 
polysaccharide 1s carboxymethyl cellulose. 

6. The method according to claim 1 wherein the crosslinklng agent 
is selected from the group consisting of an organic compound 
comprising at least two functional groups capable of reacting with a 
carboxyl, amino, or hydroxyl group of a carboxyalkyl polysaccharide 
or a metal ion with more than two positive charges. 



- 61 - 



WO 95/11925 



PCT/US94/12375 



7. The method according to claim 6 wherein said crosslinking agent 
is selected from the group consisting of diamines, polyamines, diols, 
polyols and mixtures thereof. 

8. The method according to claim 7 wherein the crosslinking agent 
is selected from the group consisting of chitosan glutamate, type A 
gelatin, di ethyl enetri amine, ethylene glycol, butylene glycol, 
polyvinyl alcohol, hyaluronic acid, polyethylene imine, and their 

5 derivatives and mixtures thereof. 

9. The method according to claim 6 wherein said crosslinking agent 
is selected from the group consisting of chloroacetic acid and sodium 
chloroacetate and mixtures thereof. 

10. The method according to claim 6 wherein said crosslinking agent 
comprises a metal ion selected from the group consisting of Al 3 *, 
Fe 3 *, Ce*, Ti 4+ , Zr 4 \ and Ce 4 \ 

11. The method according to claim 10 wherein said crosslinking agent 
is selected from the group consisting of A1C1 3 , FeCl 3 , Ce 2 (S0 4 ) 3 , 
Zr(NHJ 4 (CQj) 4t Ce(NH 4 ) 4 (S0 4 ) 4 .2H 2 0, and mixtures thereof. 

12. The method according to claim 1 wherein said carboxyalkyl 
polysaccharide is heat-treated at a temperature of from about 100 # C 
to about 200° C for a time of from about 1 minute to about 600 
minutes. 

13. The method according to claim 1 wherein the heat-treated 
carboxyalkyl polysaccharide has an initial Absorbency Under Load 
value at least about 10 percent greater than an otherwise identical 
carboxyalkyl polysaccharide prepared without a crosslinking agent. 

14. The method according to claim 13 wherein the heat-treated 
carboxyalkyl polysaccharide has an initial Absorbency Under Load 
value at least about 20 percent greater than an otherwise identical 
carboxyalkyl polysaccharide prepared without a crosslinking agent. 
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15. The method according to claim 1 wherein said carboxyalkyl 
polysaccharide 1s recovered by evaporative drying. 

16. The method according to claim 1 wherein said carboxyalkyl 
polysaccharide is recovered by precipitation. 

17. The method according to claim 1 wherein said mixture, comprising 
said water-soluble carboxyalkyl polysaccharide, water, and a 

crossl inking agent, has a pH between about 4 to about 9. 

18. The method according to claim 1 wherein the water- swell able, 
water- Insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 17. 

19. The method according to claim 18 wherein the water-swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an Initial 
Absorbency Under Load value of at least about 20. 

20. The method according to claim 1 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

70 percent of the Initial Absorbency Under Load value after aging for 
about 60 days at about 24 # C and at least about 30 percent relative 
5 humidity. 

21. The method according to claim 1 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

50 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24 *C and at about 100 percent relative 
5 humidity. 

22. A method for producing a water-swellable, water- Insoluble 
carbpxymethyl cellulose, the method comprising the following steps: 

forming a mixture comprising a water-soluble carboxymethyl 
cellulose, water, and a crossl Inking agent selected from the group 
5 consisting of organic compounds comprising at least two functional 
groups capable of reacting with a carboxyl or hydroxyl group of a 
carboxyalkyl polysaccharide and a metal ion having more than 
2 positive charges; 
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recovering said carboxymethyl cellulose from said mixture; and 
10 heat-treating said recovered carboxymethyl cellulose at a 

temperature above about 100'C for a time effective to crosslink said 
carboxymethyl cellulose to render said carboxymethyl cellulose water 
swellable and water insoluble wherein said heat-treated carboxymethyl 
cellulose has an initial Absorbency Under Load value of at least 
15 about 17 and retains at least about 50 percent of the initial 

Absorbency Under Load value after aging for about 60 days at about 
24°C and at least about 30 percent relative humidity. 

23. The method according to claim 22 wherein said crosslinking agent 
is selected from the group consisting of chitosan glutamate, type A 
gelatin, diethylenetriamine, ethylene glycol, butylene glycol, 
polyvinyl alcohol, hyaluronic acid, polyethylene imine, chloroacetic 

5 acid, sodium chloroacetate, A1C1 3 , FeCl 3 , Ce 2 (S0 4 ) 3 , Zr(NH 4 ) 4 (C0 3 ) 4 , 
Ce(NH 4 ) 4 (S0 4 ) 4 -2H 2 0, and mixtures thereof. 

24. The method according to claim 22 wherein said carboxymethyl 
cellulose is heat-treated at a temperature of from about 100 # C to 
about 200*C for a time of from about 1 minute to about 600 minutes. 

25. The method according to claim 22 wherein said carboxymethyl 
cellulose is recovered by evaporative drying. 

26. The method according to claim 22 wherein the water-swell able, 
water- insoluble carboxymethyl cellulose retains at least about 

70 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24 # C and at least about 30 percent relative 
5 humidity. 

27. The method according to claim 1 wherein the water-swellable, 
water- insoluble carboxymethyl cellulose retains at least about 

50 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at about 100 percent relative 
humidity. 
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28. A method for producing a water-swellable, water- insoluble 
carboxyalKyl polysaccharide, the method comprising the following 
steps: 

forming a mixture comprising a water-soluble carboxyalKyl 
5 polysaccharide, and water; 

recovering said carboxyalkyl polysaccharide from said mixture; 

and 

heat-treating said recovered carboxyalKyl polysaccharide at a 
temperature between about 200 # C and about 250 *C for an amount of time 

10 between about 50 to about 90 seconds, wherein said heat-treating is 
effective to crosslink said carboxyalkyl polysaccharide to render 
said carboxyalkyl polysaccharide water swellable and water insoluble, 
wherein the water-swellable, water- insoluble carboxyalKyl 
polysaccharide exhibits an initial Absorbency Under Load value of at 

15 least about 14 and retains at least about 50 percent of the initial 
Absorbency Under Load value after aging for about 60 days at about 
24*C and at least about 30 percent relative humidity. 

29. The method according to claim 28 wherein the carboxyalkyl 
polysaccharide is prepared from a polysaccharide selected from the 
group consisting of cellulose, starch, guar, carrageenan, agar, 
gellan gum, chitin, chitosan, and mixtures thereof. 

30. The method according to claim 28 wherein the carboxyalkyl 
polysaccharide is a carboxyalKyl cellulose. 

31. The method according to claim 29 wherein the carboxyalkyl 
polysaccharide is a carboxymethyl polysaccharide. 

32. The method according to claim 31 wherein the carboxymethyl 
polysaccharide is carboxymethyl cellulose. 

33. The method according to claim 28 wherein said carboxyalkyl 
polysaccharide is recovered by evaporative drying. 

34. The method according to claim 28 wherein said mixture, 
comprising said water-soluble carboxyalkyl polysaccharide and water 
has a pH between about 5 to about 9. 
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35. The method according to claim 28 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 17. 

36. The method according to claim 28 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 20. 

37. The method according to claim 28 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

70 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at least about 30 percent relative 
5 humidity. 

38. The method according to claim 28 wherein the water-swell able, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

50 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at about 100 percent relative 
5 humidity. 

39. A method for producing a water-swell able, water-insoluble 
carboxyalkyl polysaccharide, the method comprising the following 
steps: 

forming a mixture comprising a water-soluble carboxyalkyl 
5 polysaccharide and water, wherein the mixture has a pH between about 
4.0 and about 7.5; 

recovering said carboxyalkyl polysaccharide from said mixture; 

and 

heat-treating said recovered carboxyalkyl polysaccharide at a 
10 temperature above about 50 # C for a time effective to crosslink said 
carboxyalkyl polysaccharide to render said carboxyalkyl 
polysaccharide water swellable and water insoluble, wherein the 
water-swellable, water- insoluble carboxyalkyl polysaccharide exhibits 
an initial Absorbency Under Load value of at least about 14 and 
15 retains at least about 50 percent of the initial Absorbency Under 
Load value after aging for about 60 days at about 24'C and at least 
about 30 percent relative humidity. 
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40. The method according to claim 39 wherein the carboxyalkyl 
polysaccharide 1s prepared from a polysaccharide selected from the 
group consisting of cellulose, starch, guar, carrageenan, agar, 
gellan gum, chltln, chltosan, and mixtures thereof. 

41. The method according to claim 39 wherein the mixture has a pH 
between about 6.0 and about 7.5. 

42. The method according to claim 39 wherein the carboxyalkyl 
polysaccharide is a carboxymethyl polysaccharide. 

43. The method according to claim 42 wherein the carboxymethyl 
polysaccharide is carboxymethyl cellulose. 

44. The method according to claim 39 wherein said carboxyalkyl 
polysaccharide 1s recovered by evaporative drying. 

45. The method according to claim 39 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 17. 

46. The method according to claim 45 wherein the water-swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an Initial 
Absorbency Under Load value of at least about 20. 

47. The method according to claim 39 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

70 percent of the Initial Absorbency Under Load value after aging for 
about 60 days at about 23*C and at least about 30 percent relative 
5 humidity. 

48. The method according to claim 39 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide retains at least about 50 
percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 23*C and at about 100 percent relative 

5 humidity. 
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49. The method according to claim 39 wherein said carboxyalkyl 
polysaccharide is heat-treated at a temperature of from about 100*C 
to about 200*C for a time of from about 1 minute to about 600 
minutes. 

50. A method for producing a water- swell able, water- insoluble 
carboxyalkyl polysaccharide, the method comprising the following 
steps: 

forming a mixture comprising a water-soluble carboxyalkyl 
5 polysaccharide, water, citric acid, and sodium hypophosphite; and 
recovering said carboxyalkyl polysaccharide from said mixture, 
wherein the water- swell able, water- insoluble carboxyalkyl 
polysaccharide exhibits an initial Absorbency Under Load value of at 
least about 14 and retains at least about 50 percent of the initial 
10 Absorbency Under Load value after aging for about 60 days at about 
24°C and at least about 30 percent relative humidity. 

51. The method according to claim 50 wherein the carboxyalkyl 
polysaccharide is prepared from a polysaccharide selected from the 
group consisting of cellulose, starch, guar, carrageenan, agar, 
gel lan gum, chitin, chitosan, and mixtures thereof. 

52. The method according to claim 50 wherein the carboxyalkyl 
polysaccharide is a carboxyalkyl cellulose. 

53. The method according to claim 50 wherein the carboxyalkyl 
polysaccharide is a carboxymethyl polysaccharide. 

54. The method according to claim 53 wherein the carboxymethyl 
polysaccharide is carboxymethyl cellulose. 

55. The method according to claim 50 wherein said carboxyalkyl 
polysaccharide is recovered by evaporative drying. 

56. The method according to claim 50 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 17. 
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Absorbency Under Load value after aging for about 60 days at about 
24*C and at least about 30 percent relative humidity. 

63. The method according to claim 62 wherein the carboxyalkyl 
polysaccharide is prepared from a polysaccharide selected from the 
group consisting of cellulose, starch, guar, carrageenan, agar, 
gellan gum, chitin, chitosan, and mixtures thereof. 

64. The method according to claim 62 wherein the carboxyalkyl 
polysaccharide is a carboxyalkyl cellulose. 

65. The method according to claim 62 wherein the carboxyalkyl 
polysaccharide is a carboxymethyl polysaccharide. 

66. The method according to claim 65 wherein the carboxymethyl 
polysaccharide is carboxymethyl cellulose. 

67. The method according to claim 62 wherein said carboxyalkyl 
polysaccharide is recovered by evaporative drying. 

68. The method according to claim 62 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 17. 

69. The method according to claim 68 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide exhibits an Initial 
Absorbency Under Load value of at least about 20. 

70. The method according to claim 62 wherein the water-swellable, 
water- Insoluble carboxyalkyl polysaccharide retains at least about 

70 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at least about 30 percent relative 
humidity. 

71. The method according to claim 62 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide retains at least about 
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50 percent of the initial Absorbency Under Load value after aging for . 
about 60 days at about 24*C and at about 100 percent relative 
humidity. 

72. A method for producing a water-swell able, water- insoluble 
carboxyalkyl polysaccharide comprising: 

a. preparing a reaction dispersion comprising a solvent and a 
polysaccharide comprising an original crystalline structure; 

b. adding a carboxyalkylating reagent to the reaction 
dispersion at conditions effective to allow the 
carboxyalkyl ating reagent to react with the polysaccharide 
to prepare a carboxyalkyl polysaccharide ; 

c. recovering the carboxyalkyl polysaccharide from the 
reaction dispersion; 

d. preparing a mixture comprising the recovered carboxyalkyl 
polysaccharide and water; and 

e. recovering the carboxyalkyl polysaccharide from the 
mixture, wherein the carboxyalkyl polysaccharide comprises 
an amount of the original crystalline structure of the 
polysaccharide to be effective to result in the water- 
swell able, water- insoluble carboxyalkyl polysaccharide 
exhibiting an initial Absorbency Under Load value of at 
least about 14 and retaining at least about 50 percent of 
the initial Absorbency Under Load value after aging for 
about 60 days at about 24'C and at least about 30 percent 
relative humidity. 

73. The method according to claim 72 wherein the carboxyalkyl 
polysaccharide is prepared from a polysaccharide selected from the 
group consisting of cellulose, chitln, and mixtures thereof. 

74. The method according to claim 72 wherein the carboxyalkyl 
polysaccharide Is a carboxyalkyl cellulose. 

75. The method according to claim 72 wherein the carboxyalkyl 
polysaccharide is a carboxymethyl polysaccharide. 
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76. The method according to claim 75 wherein the carboxymethyl 
polysaccharide is carboxymethyl cellulose. 

77. The method according to claim 72 wherein said carboxyalkyl 
polysaccharide is recovered from the mixture by evaporative drying. 

78. The method according to claim 72 wherein the water- swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 17. 

79. The method according to claim 78 wherein the water-swell able, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 20. 

80. The method according to claim 72 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

70 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at least about 30 percent relative 
humidity. 

81. The method according to claim 72 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

50 percent of the Initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at about 100 percent relative 
humidity. 

82. The method according to claim 72 wherein potassium hydroxide is 
used as an alkali to prepare the carboxyalkyl polysaccharide. 

83. The method according to claim 72 wherein a less than 
stoichiometric ratio of an alkali to the carboxyalkyl at ing reagent is 
used to prepare the carboxyalkyl polysaccharide. 

84. The method according to claim 83 wherein the ratio of the alkali 
to the carboxyalkyl at 1ng reagent 1s less than about 2 to 1. 
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85. The method according to claim 72 wherein a reactant molar ratio 
of the carboxyalkyl atlng reagent to the polysaccharide is less than 

1 to 1. 

86. The method according to claim 85 wherein the carboxyalkyl atlng 
reagent is chloroacetlc add and the polysaccharide is cellulose. 

87. A method for producing a water- swell able, water- insoluble 
carboxyalkyl polysaccharide comprising: 

a. preparing a mixture comprising a carboxyalkyl 
polysaccharide and water; and 
5 b. recovering the carboxyalkyl polysaccharide from the 

mixture, wherein the carboxyalkyl polysaccharide is 
prepared from a polysaccharide comprising an original 
crystalline structure, and wherein the carboxyalkyl 
polysaccharide comprises an amount of the original 
crystalline structure of the polysaccharide to be effective 
to result in the water- swell able, water- insoluble 
carboxyalkyl polysaccharide exhibiting an initial 
Absorbency Under Load value of at least about 14 and 
retaining at least about 50 percent of the initial 
Absorbency Under Load value after aging for about 60 days . 
at about 24*C and at least about 30 percent relative 
humidity. 

88. The method according to claim 87 wherein the carboxyalkyl 
polysaccharide Is prepared from a polysaccharide selected from the 
group consisting of cellulose, chltin, and mixtures thereof. 

89. The method according to claim 87 wherein the carboxyalkyl 
polysaccharide 1s a carboxyalkyl cellulose. 

90. The method according to claim 87 wherein the carboxyalkyl 
polysaccharide is a carboxymethyl polysaccharide. 

91. The method according to claim 90 wherein the carboxymethyl 
polysaccharide is carboxymethyl cellulose. 
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92. The method according to claim 87 wherein said carboxyalkyl 
polysaccharide is recovered from the mixture by evaporative drying. 

93. The method according to claim 87 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide exhibits an Initial 
Absorbency Under Load value of at least about 17. 

94. The method according to claim 93 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 20. 

95. The method according to claim 87 wherein the water-swellable, 
water- insoluble carboxyalkyl polysaccharide retains at least about 

70 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at least about 30 percent relative 
humidity. 

96. The method according to claim 87 wherein the water-swellable, 
water- Insoluble carboxyalkyl polysaccharide retains at least about 

50 percent of the initial Absorbency Under Load value after aging for 
about 60 days at about 24*C and at about 100 percent relative 
humidity. 

97. A water-swellable, water- insoluble carboxyalkyl polysaccharide 
wherein the carboxyalkyl polysaccharide exhibits an initial 
Absorbency Under Load value of at least about 14 and retains at least 
about 50 percent of the initial Absorbency Under Load value after 
aging for about 60 days at about 24*C and at least about 30 percent 
relative humidity. 

98. The carboxyalkyl polysaccharide of claim 97 wherein the 
carboxyalkyl polysaccharide is prepared from a polysaccharide 
selected from the group consisting of cellulose, starch, guar, 
carrageenan, agar, gel lan gum, chitln, chitosan, and mixtures 
thereof. 

99. The carboxyalkyl polysaccharide of claim 97 wherein the 
carboxyalkyl polysaccharide is a carboxyalkyl cellulose. 
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initial Absorbency Under Load value after aging for about 60 days at 
about 24 # C and at about 100 percent relative humidity, 

110. The carboxyalkyl polysaccharide of claim 109 wherein the 
carboxyalkyl polysaccharide retains at least about 70 percent of the 
initial Absorbency Under Load value after aging for about 60 days at 
about 24*C and at about 100 percent relative humidity. 

111. A water- swell able, water- insoluble carboxymethyl cellulose 
wherein the carboxymethyl cellulose exhibits an initial Absorbency 
Under Load value of at least about 17 and retains at least about 

70 percent of the initial Absorbency Under Load value after aging for 
5 about 60 days at about 24'C and at about 100 percent relative 

humidity, wherein the carboxymethyl cellulose has an average degree 
of carboxymethyl substitution from about 0.3 to about 1.5, and 
wherein the carboxymethyl cellulose has a viscosity in a 1.0 weight 
percent aqueous solution at 25'C of from about 10 centipoise to about 
10 80,000 centipoise, 

112. A water- swell able, water- insoluble modified polysaccharide 
characterized in that the modified polysaccharide has an initial 
Absorbency Under Load of at least about 17 and retains greater than 
about 50 percent of its initial Absorbency Under Load after aging for 

5 about 60 days at about 24*C and 30 percent relative humidity. 

113. The modified polysaccharide according to claim 112 wherein said 
modified polysaccharide retains greater than about 70 percent of its 
initial Absorbency Under Load after aging for about 60 days at about 
24*C and about 30 percent relative humidity. 

114. A water-swell able, water- insoluble carboxyalkyl polysaccharide 
formed by the method of claim 1. 

115. A water- swell able, water-insoluble carboxyalkyl polysaccharide 
formed by the method of claim 28. 

116. A water-swell able, water- insoluble carboxyalkyl polysaccharide 
formed by the method of claim 39. 



- 76 - 



WO 95/11925 



PCT/US94/12375 




FIG. I 

1/1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 94/12375 



A. CLASSIFICATION F SUBJECT MATTER 

IPC 6 C08B15/00 C08B11/12 A61L15/00 C08B37/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C08B A61L 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP,A,0 566 118 (KIMBERIEY-CLARK 
CORPORATION) 20 October 1993 

see the whole document 

CA,A,2 072 918 (KIMBERLEY-CLARK CORP.) 15 
August 1993 

see page 7, line 9 - line 21 
see page 6, line 25 - line 29 

EP,A,0 538 904 (KIMBERLEY-CLARK 
CORPORATION) 28 April 1993 

see page 4, line 17 - line 18 

US,A,4 697 008 (ASAN0 ET AL.) 29 September 
1987 

-/- 



1-21, 

97-110, 

112-114 



1-71, 

97-110, 

112-118 



39-49, 

112,113, 

116 



50,117 



Further documents are listed in the continuation of box C 



|X | Patent family members arc listed in 



Special categories of cited documents : 

"A' document defining the general state of the art which is not 

considered to be of particular relevance 
E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

0* document referring to an oral disclosure, use, exhibition or 



*P* document published prior to the international filing date but 
later than the priority date claimed 



T later document published alter the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X" document of particular relevance; the daimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y' document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&" document member of the same patent family 



Date of the actual completion of the international search 



24 February 1995 



Date of mailing of the international search report 



1 3. 03 95 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Td. (+ 31-70) 340-2040, Tx, 31 65] epo nl, 
Far (+31-70) 340-301 6 



Authorized officer 



Lensen, H 



Form PCT/ISA/210 (ncond tb«t) (July 1993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 94/12375 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Qunon of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE WPI 
Week 8543, 

Derwent Publications Ltd., London, GB; 
AN 265800 

& JP.A.60 177 001 (DAICEL CHEN IND KK) 11 
September 1985 
see abstract 

GB.A.l 086 323 (COURTAULDS LIM.) 11 
October 1967 



72 



39 



Form PCT/ISA/210 {conunuatioa of ncond that) (July 1993} 



page 2 of 



2 



INTERNATIONAL SEARCH 

Information cm patent family member* 


REPORT 


International application No. 
PCT/US 94/12375 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(i) 


Publication 
date 


EP-A-0566118 


20-10-93 




AU-B- 3694993 
JP-A- 6025303 


21-10-93 
01-02-94 


CA-A-2072918 


15-08-93 




NONE 







EP-A-0538904 


28-04-93 


AU-A- 
CA-A- 
JP-A- 
US-A- 


2729192 
2073292 
5214001 
5247072 


29-04-93 
26-04-93 
24-08-93 
21-09-93 


US-A-4697008 


29-09-87 


JP-A- 
DE-A- 
FR-A- 
GB-A.B 


62141001 
3642555 
2591601 
2185484 


24- 06-87 

25- 06-87 
19-06-87 
22-07-87 


6B-A-1086323 




NONE 







Form PCT/ISA/210 (pttmt tastily innex) (July 1992) 



